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(54) BLOCK COPOLYMlER 



(57) The present invention relates to a block copol- 
ymer (A) including a (meth)acryHc polymer block (a) and 
an acrylic polymer block (b). The (rfieth)acrylic polymer 
block (a) is preferably copolymerized with a moribmer 
having a functional group having high cohesive force, 
such as a carboxyl group, so tHat'the 5%-weight-loss 
temperature Is 300°C or more or the tensile strength Is 
3 MPa or more, and the hardness measured by a type 
A durometeraccoHding to JIS K6253 is 50 or less, iand 
a compression ^et measured afteir 22 hbiirs ait 76'*C is" 



45% or less. The block copolyrner (A) exhibits excellent 
thermal decomposition resistance and low compression 
set at high temperatures. The block copolyrrier (A) can 
be used as a soft material for autoffiobile, and has low 
hardness, high adhesion, high oil resistance, high 
weather rosistancb, high heat resistancd, high recycling 
property, high tensile properties; andhijgh wax remover 
resistarice. * " 
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Description 
Technical Field 

[0001] The present invention relates to a block copolymer having excellent thermal decomposition resistance and 
oil resistance. exhibiUng good compression set even ai high temperatures, and being usable as a rubber, a thermo- 
plastic resin, an impact modifier lor thermoplastic resins, a compounding agent for a compound material having elas- 
ticity between those of resins and rubber, a paint, a binding agent, or an adhesive. IVIore specifically the present 
invention relates to a block copolymer containing a methacrylic polymer and an acinic polymer and having excellent 
balance between physical properties, partfcularly themwl decomposition resistance and oil resistance, and good com- 
pression set at high temperatures. 

[0002] The present invention further relates to a soft material for automobile containing a thermoplastic elastomer 
composition having low hardness, excellent adhesion, excellent heat resistance, excellent oil resistance, and excellent 
tensile properties (mechanfcal properties), and also having e)ffiellent flexibility, formabflity. 

Background Art 

[0003] In general, a theimoplastic elastomer has an alloy structure comprising a rubber component (soft segment) 
exhibiting entropy elasticity, and a restrictive component (hard segment) which is fluid at high temperatures and which 
prevents plastic deformation at room temperature and gives a reinforcement effect to the rubber component For ex- 
ample, in a styrene elastomer, styrene blocks aggregate to func^fon as a hard segment, whereas butadiene blocks or 
isoprene blocks form a matrix to function as a soft segment. An olefin elastomer has an alloy structure in whfch rubber 
such as EPDM is dispersed in a resin such as PP. In any of the elastomers, the hard segment is fluid at high temper- 
atures, and thus permits thennoplastic processing such as injection molding. In addition to the styrene elastomer and 
tiie olefin elastomer, examples of thennoplastic elastomers include vinyl chloride elastomers, ester elastomers amide 
elastomers, and urethane elastomers. 
[0004] However, conventional styrene or olefin themioplastic elastomer is insufficient in rubber elasticity, particulariy 
compression set at high temperatures, as compaied with crosslinked rubber. Therefore, theimoplastks elastomer ex- 
hibiting high mbber elastks'ity even at temperatures is desired. 
30 [0005] On the other hand, it is known that a (m6th)acrylic block copolymer including a hard segment of methyl meth- 
acrylate or the like and a soft segment of butyl acrylate or the like is usable as a thermoplastic elastomer As a block 
copolymer having a (meth)acrylte polymer block and an acrylic polymer block, the specifteation of Japanese Patent 
No. 2553134 discloses known examples such as a block copolymer (MMA-b-BA-b-MMA) of poly(methyl methacrylate)- 
b-poly(butyl acrylate)-b-poly(methyl methacrylate). and a block copolymer (|yiMA-b-2EHA-b-MMA) of poly(methyl 
methacrylate)-b-poly(2-ethylhexyl acrylate)-b-poly(methyl methacrylate). (Meth)acrylic block copolymers are charac- 
terized by excellent weather resistance, durability, heat resistance and oil resistance. 

[0006] Acrylfc block copolymers can be synthesized by various types of living polymerization. Examples of living 
polymenzation include so-called group transfer polymerization in a silylketene acetal/Lewis acid system (Japanese 
Unexamined Patent Application Publication No. 62-292806). living polymerization using porphyrin-organoaluminum 
complex (S Inoue and others. Macromolecules. Vol. 24. p. 824. 1991). and living polymerization using an organic rare 
earth metal complex as an initiator (Japanese Unexamined Patent Application Publication No. 6-93060) In particular 
for polymenzation using an organic rare earth metal complex, it has been reported that a (meth)aciylic po^mer block 
IS stereoregularly polymerized, and an aciylic polymer block is non-stereoregularly polymerized to fomi a block copol- 
ymer having excellent heat resistance and impact resistance or excellent elastomeric properties. Furthemiore in a 
method of atom transfer radbal polymerization using a halogen-based initiator and a copper catalyst, an acrylic ester 
IS polymenzed, and then ester bonds are selectively decomposed to obtain a block polymer composed of polyacrylic 
acid-polyacryhc ester-polyacrylic acid (Japanese Unexamined Patent Applteatton Publication No 2001-234147) It is 
also introduced that the resultant block polymer can be used as an adhesive exhtoiting a small change in physfcal 
properties even at high temperatures. a k y 

^?^J} However, the hard segments of these (m6th)acrylic block copolymers have glass transition temperatures of 
150 c or less, and thus have difficulty in exhibiting rubber characteristics at high temperatures which are required in 
the atrtomobile field. Also, acrylic block polymers having hard segments of acrylic acid exhibit a breaking strength of 
less than 3 MPa (NITTO DENKO Technical Report (Nitto-Giho). Vol. 38. No. 2. November. 2000). and thus have the 
problem of failing to exhibit sufficient strengBi for use as elastomeric materials. 

[00081 Furthermore, as an invention relating to the design of an adhesive material achieving a small change in phys- 
ical properties even athigh temperatures and having excellent balance between adhesive properties such as retention 
an adhesive compnsing a (meth)acrylic block copolymer having a hard segment of a polymethacrylic acid block has 
been reported (Japanese Unexamined Patent Application Publication No. 10-298248). Although this invention intro- 
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duces a di-block polymer composed of pofymethacrylic actd and polyacrylic ester in examples, di-block structures 
generally cannot express substantial compression set and breaking strength, which are important properties of elas- 
tortier, and thus the development of thermoplastic elastomer having excellent heat resistance is desired. 
[0009] On the other hand, it is known that block copolymers can be used as compositions with thermoplastic resins. 
As such block copolymers, styrene-butadlene copolymers, styrene-isoprene copolymers, and hydrogenated polymers 
of these copolymers (called "slyrene-elhylene-bulylene copolymers", and "slyrene-elhylene-propylene copolymers", 
respectively) are widely used. By using these block copolymers, compositions having excellent balance belween impact 
resistance, rigidity, and fomning fluidity can be obtained. However the thennoplastic resins usable with the block co- 
polymers are limited to low-polarity resins such as polystyrene resins, polyolefin resins, and polyphenylene ether resins. 
[0010] Also, it has recently been known that a block copolymer containing a methacrylic polymer and an acrylic 
polymer functions as an excellent impact resistance modifier, and a combination with a thermoplastic resin produces 
a thermoplastic resin composition having excellerit impact resistance. In this case, a high-polarity resin such as a 
polyvinyl chloride resin, a polymethyl methacrylate resin, a polycarbonate resin, a polyester resin, or a polyamide resin 
is effective as the thermoplastic resin. 

[001 1] The hard segment of a thermoplastic elastomer is fluid at high temperatures, and thus pemiits thermoplastk: 
processing such as injection molding. However, when the thennal decomposition temperature of the thermoplastk: 
elastomer is lower than the injection rholding temperature, the thermoplastic elastomer may cause thermal deteriora- 
tion. For example, the above-described high-polarity resin such as a polyvinyl chloride resin, a polymethyl methacrylate 
resin, a polycarbonate resin, a polyester resin, or a polyamide resin has both a high molding temperature and high 
20 heat resistance, and thus such a resin cannot be used for molding a mixture with the themnoplastic elastomer because 
the thermoplastic elastomer is thennally decomposed. In particular, most of the methacrylic polymers are decomposed 
to monomers by depolymerization at 170*»C to 250° C (Polymer Handbook Third Edition, Wiley-lnterscience. 1989). 
Therefore, when high-temperature thennal stability is required, an ester elastomer or an amide elastomer must be 
selected. However, such an elastomer may also be required to have improved physical properties including oil resist- 
25 ance, controlled balance of physical properties, and reduction of cost, and the development of a novel elastomer is 
greatly demanded. 

[0012] A soft polyurethane (RIM urethane) material and a poly(vinyl chloride)-based (soft PVC-based) material have 
recently been used for molded products required a good touch, such as automobile parts. However, these materials 
have the problem of resources. saving and environmental protection, I.e., the problem of recycling. The RIM urethane 

30 material Is themially curable, and the soft PVC contains a large amount of pliasticizer and produces chlorine gas by 
heating. Thus, it Is impossible or difficult to recycle these materials. Therefore, a resin alternative to the soft vinyl 
chloride resin and the polyurethane resin is demanded, A candidate of such an alternative material is a thermoplastic 
elastomer resin which is a rubber-like material, not requires a crossllnking process, and exhibits formabiiity comparable 
to that of thermoplastfc resins, and this thermoplastic elastomer resin has recently attracted attention in the field of 

55 automobile parts, household appliance parts, and construction materials. 

[0013] Although conventional olefin thenmoplastlc elastomer and styrene thermoplastic elastomer are excellent: in 
recycling property and mechanical properties, these elastomers have the problem of low adhesion to resins and metals 
and low oil resistance. Although the olefin themnoplastic elastomer is known to have proper flexibility and processability, 
the olefin thermoplastic elastomer does not exhibit sufficient weather resistance and oil resistance and cannot be 

^ directly used as an alternative. In particular, many processes for removing rustproof wax from an automobile oftein u4e 
a wax remover comprising a hot-water mixture containing kerosene and a surfactant. Thus, the use of the olefin' ther- 
moplastic elastomer as a material for exterior members has the problem of causing poor surface appearance during 
the removal of the wax. 

[0014] Typical exanples of hollow-mokled products among the automobile parts include a boot and a hose. In par- 
ticular, with respect to the boot, an accordion joint boot is mounted on a joint of an automobile or an industrial machine, 
for holding the sealed grease or preventing contamination with dust. Such a join boot is conventionally made of rubber 
such as chloroprene. or a composition containing a monoolefin copolymer rubber and a polyolefin resin that are partially 
crosslinked with an organic peroxide used as a crosslinking assistant, as disclosed in Japanese Examined Patent 
Application Publication No, 53-21021: 
so [0015] From the viewpoint of recycling, themnoplastic fDOlyester elastomers, whrch are non-crosslin king materials, 
have recently been used. Although the themrioplastic polyester elastorriers are excellent in mechanical properties, heat 
resistance and oil resistance, the polyester elastomers have the problem of low flexibility due to high hardness, thereby 
significantly degrading mountability. 

[0016] Therefore, in order to solve the problem, thermoplastic copolyester elastomer compositions comfjrising ther- 
rhoplastic copolyester elastomert^ and rubbisr cornpositions ar6 proposed In Japanese Unexamined Pkterit Application 
Publication Nos. 6-145477 and 7-97507; However, these thermoplastic copolyester compositions does not have flex- 
ibility and oil resistance sufficient for boots and hoses, and further investigation is required. 

[0017] Also, Japanese Unexamined Patent Application Publication No. 2000-351889 discloses a thermoplastic elas- 
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tomer composition comprising a themioplastic copolyester elastomer and acrylic rubber. Although the oil resistance 
and boot-assembling performance are improved by mixing the acrylic rubber, molding fluidity decreases depending 
upon the content of the acrylic rutJber, Therefore, molding is difficult, and the problem of flexibility remains unsolved, 
thereby causing the need for further improvement, 
5 [0018] As described above, the themnoplastic polyester elastomer has excellent mechanical strength, but It has dis- 
advantages of high hardness and poor oil resistance. Also, the acrylic rubber-compounded thermoplastic elastomer 
has improved oil resistance, but it still has disadvantages of poor fonmability and poor Hexibilily. Therefore, the appli- 
cation to automobile hollow-molded products is limited, and a material for automobile hollow-molded products having 
excellent oil resistance and excellent flexibility is required. 

to 

Disclosure of Invention 

[0019] It is an object of the present invention to provide a thermoplastic elastomer (block copolymer) excellent in 
thennal decomposition resistance and heat resistance allowing the elastomer to exhibit good rubber elasticity even at 
^5 high temperatures. 

[0020] It is another object of the present invention to provide a themnoplastic elastomer composition for automobiles 
(soft material for automobile) composed of a block copolymer having excellent oil resistance, excellent heat resistance, 
and excellent flexibility, the thermoplastic elastomer composition without particular any additives having low hardness, 
excellent adhesion, excellent oil resistance; excellent weather resistance, excellent heat resistance, excellent tensile 

2o properties (mechanical properties), good fonnability, and good flexibility. 

[0021] Namely, the present invention relates to a block copolymer (A) comprising a (meth)acrylic polymer block (a) 
and an acrylic polymer block (b), wherein a 6%-weight-loss temperature measured by themiogravimetric analysis at 
a heating rate of 1 0,0 ^'C/min under a nitrogen stream at a flow rate of 50.0 ml/min is 300°C or more. 
[0022] The present invention also relates to a block copolymer (A) comprising a (meth)acrylic polymer block (a) and 

25 an acrylic polymer block (b), wherein a tensile strength measured according to JIS K6301 is 3 MPa or more, a hardness 
measured by a type A durometer according to JIS K6253 is 50 or less, and a compression set measured after 22 hours 
at 70*C is 45% or less. 

[0023] The present invention further relates to a soft material for automobile containing a block copolymer (A) com- 
prising a (meth)acrylic polymer block (a) and an acrylic polymer block (b). 
30 [0024] The present invention further relates to an automobile interior member comprising the soft material for auto- 
mobile. 

[0025] The present invention further relates to an automobile exterior member comprising the soft material for au- 
tomobile. 

[0026] The present invention further relates to an automobile inner layer material comprising the soft material for 
^ automobile. 

[0027] The present invention further relates to a molding materia! for automobile comprising the soft material for 
automobile. 

[0028] The present invention further relates to an automobile hollow-molded product comprising the soft material for 
automobile. 

40 [0029] The present invention further relates to an automobile hollow-molded boot or hose comprising the soft material 
n for automobile. 

Best Mode for Carrying Out the Invention 

45 <Block copolymer (A)> 

[0030] A block copolymer (A) of the present Invention comprises a (meth)acrylic polymer block (a) and an acrylic 
polymer block (b). 

[0031] The block copolymer (A) preferably has a 5%-weight-loss temperature of 300^C or more measured by ther- 
so mogravimetry at a heating rate of 1 0,0°C/min under a nitrogen stream at a flow rate of 50.0 ml/min. Altematlvely, the 
block copolymer (A) preferably has a tensile strength of 3.0 MPa or more measured according to JIS K6301 , a hardness 
of 50 or less measured by a type A durometer according to JIS K6253. and a compression set of 45% or less measured 
after 22 hours at 70" C. 

[0032] The 5%-weight-loss temperature is more preferably 31 O^C or more, and most preferably 320*'C or more. With 
55 a 5%-weight-ioss temperature of less than 300**C, a mixture with a thermoplastic resin having a high molding temper- 
ature and high heat resistance, such as a polycarbonate resin, a polyester resin, or a polyamide resin, deteriorates in 
the physical properties during molding because the block copolymer (A) is thermally decomposed. 
[0033] The tensile strength is preferably 3.5 MPa or more. With a tensile strength of less than 3 MPa, the use as an 
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elastomeric material may be limited to a narrow range of applications. 

[0034] The hardness is more preferably 1 to 40, and most preferably 3 to 40. With a hardness of less than 1 , rubber 
elasticity tends to decrease, while with a hardness of over 50, the flexibility of elastomer tends to decrease. 
[0035] The compression set is more preferably 40% or less. With a compression set of over 45%. the rubber elasticity 
s decreases. 

[0036] The 5%-weighl-loss temperature and the tensile strength are preferably as high as possible, while the com- 
pression set is preferably as low as possible. Funhenmore, the hardness may be appropriately set according to the 
purpose of use. 

[0037] An example of a method for producing the block copolymer (A) having the above-described properties is to 
10 introduce a functional group (c) having a high glass transition temperature (Tg) into the (meth)acrylic polymer block 
(a). When the {meth)acfylrc! polymer block is copolymerized with a monomer having a functional group with a high 
cohesive force, excellent thermal decomposition resiistance can be imparted to the acrylic block copolymer. Therefore, 
the acrylic block copolymer can be suitably used even at high temperatures without degrading the inherent properties. 
[0038] From the viewpoint of the magnitude of cohesive force, the functional group (c) is preferably a carboxyl group 
15 or the like. The functional group (c) may be derived from a monomer, or a functional group protected by an appropriate 
protective group or a precursor of the functional group may be introduced into the block copolymei* (A) and then sub- 
jected to a known chemicai reaction to produce the fuhctionargroup (c). 

[0039] At least two types of such functional groups may be used. In combination of at least two types of functional 
groups, functional groups which do not react with each other because they have different reaction patterns, functional 

20 groups which react with each other, or functional groups whbh have the same reaction pattern and different reactivities 
and reaction conditions may be selected. The functional groups are property selected depending upon puiposes. Ac- 
cording to jDurposes, only one functional group or all functional groups may be Introduced, in a form protected by a 
proper protective group or in the form of a functional group precursor, into the methacrylic polymer block, and then 
subjected to a known chemkral reaction to produce the functional groups. 

25 [0040] The preferred range of the number of the functional groups introduced varies according to the cohesive force 
of the functional groups (c), the stmcture and composition of the block copolymer (A), the number of the blocks con- 
stituting the block copolymer (A), and the introduction positions and the introduction method of th4 functional gfbups. 
[0041 J When the balance among the physical properties of the composition is regarded to be important, an example 
of the range of the number of the functional groups (c) introduced is preferably 0.1 or more, more preferably 0.2 or 

30 more, and most preferably 0.5 or more, per molecule of the block copolymer (A). The number of the f unctidnial groups 
(c) introduced has no upper limit, and the functional groups (c) may be introduced into all constituent monomers'df the 
(meth)acrylic polymer block (a). The number of the functional groups (c) introduced can be set according to the prop- 
erties of the intended block copolymer (A). In the description below, when the numberof the functional groups Introduced 
is below 1 .0 per molecule of the block copolymer (A), the block copolymer (A) is interpreted as a mixture of the block 

35 copolymer (A) having 1 .0 or more functional groups per molecule of the block copolymer (A), and the block copolymer 
(A) having no functional group. 

[0042] The content of the functional group (c) is preferably 5% by weight or more in tentis of the content of the 
monomers having the functional groups (c) in the constituent monomers of the {meth)acrylic polymer block (a). This 
is because introducing these monomers having high Tg into the hard segment enables the rubber elasticity to be 

40 expressed even at high temperatures. The content of the monomers having the functional groups (c) is more preferably 
5 to 99.g% by weight. When the content of the rnonomers having the functional groups (c) is less than 5% by weijght, 
the cohesive force and heat resistance of the (meth)acrylic polymer block are not sufficiently irnproved, and the? ex- 
pression of rubber elasticity at high temperatures tends to decrease. When the content of the nrionomers exceieds 
99.9% by weight: the production tends to be difffcult. 

45 [0043] When the function al groups (c) are carboxyl groups, the block copolynner (A) of the present invention preferably 
has at leiast one carboxyl group frorh theViewjDoint of improvement in heat resistance of the block copolymer (A). ' 
[0044] • When the block copblyrher (A) of the present invention has any hydroxyl group, the block copolymer (A) 
preferably has at least one hydroxyl groupl for dynamic treatrtierit (dynamic vulcanization) of the block Copolymer (A) 
in the thermoplastic resin described below. With less than one hydroxyl group, the degree of crosslinkihg of the block 

50 copolymer (A) tends to decrease, and the effect of improving heat resistance tends to decrease. 

[0045] In view of the structure of the block copolymer (A) of the present in vention, the block copolymer (A) is preferably 
at least one selected from a linear block copolymer (b1) and a branched (star) bb 

[0046] The linear block copolymer (b1 ) may have any desired stmcture, but preferably contains a di-block copolymer 
and/or a tri-Wbck copolymer, and more preferably contains at least orie of these block copolymers as the main com- 
55 poneht, from this viewpoint of the physical properties of the cornpositrbn. Ah example of block copolymer structures 
other'than the di-blbck copolymer and the tri-block copolymer is a multi-block copolymer. Preferred examples of the 
structure of the block copolymer (A) of the present invention include the di-block copolymer, the tri-block copolymer, 
a mixture of the tri-block copolymer and the di-block copolymer, a mixture of the tri-block copolymer and the multi-block 
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copolymer, and a mixture of the di-block copolymer, the tri-block copolymer, and the multi-block copolymer. The block 
copolymer more preferably contains the di-block copolymer and the tri-block copolymer among these block copolymers 
as the main component. 

[0047] When the (meth)acrylic polymer block is represented by a and the acrylic polymer block is represented by b, 
5 the di-block copolymer is an a-b type, the tri-block copolymer is an a-b-a or b-a-b type, and the multi-block copolymer 
is an a-(b-a)„-b, a-b-(a-b)^-a, or b-(a-b)„-a-b type in which n is an integer of 1 or more. From the viewpoint of impact 
resistance, the tri-block copolymer is preferably the a-b-a type and the multi-block copolymer is preferably the a-(b- 
a)n-b or a-b-(a-b)n-a type of these types. Also, from the viewpoint of fomiability, the block copolymer is preferably the 
a-b-a tri-block copolymer, the multi-block copolymer, or a mixture thereof, and more preferably the a-b-a tri-block 
10 copolymer. 

[0048] Although the branched (star) block copolymer (b2) may have any desired structure, it preferably contains the 
linear block copolymer as a basic unit from the viewpoint of the physical properties of the composition. 
[0049] The structure of the block copolymer can be properly selected according to purposes. For example, in use 
as a soft material for automobile, the structure of the block copolymer is property selected according to the necessary 
IS properties such as formability, forming properties, mechanical properties, etc. 

[0050] Furthermore, the scope of the present invention includes a block copolymer containing a homopolymer of 
acrylic ester, a homopolymer of methacrylic ester, or the like which is produced in the production process. 
[0051] The functional group (c) may be introduced at a position in the (meth)acrylic polymer block (a), a position 
between the (meth)acrylic polymer block (a) and the acrylic polymer block (b), or an end of the molecular chain of the 
20 methacrylic polymer block (a). 

[0052] Although the Introduction method of the function group (c) is not particulariy limited, the functional group (c) 
may be derived from a monomer or may be bound to the molecular chain directly or through a proper organic group. 
When the functional group (c) is derived from the monomer, the number of repeating units each comprising the monomer 
may be at least 1 per polymer block containing the monomer. When the number of the repeating units is 2 or more, 
25 the polymerization type of the monomer may be random copolymerization or block copolymerization. For example, the 
a-b di-block copolymer may be any of a (a/c}-b type, a c-a-b type, and an a-c-b type, and the a-b-a tri-block copolymer 
may be any of a {a/c)-b-a type, a (a/c)-b-(a/c) type, a c-a-b-a type, and a c-a-b-a-c type, wherein (a/c) means that 
the (meth)acrylic polymer block (a) contains the functional group (c). When two types of functional groups (c) are used, 
the introduction positions and introduction method of the functional groups may be freely selected within the above- 
30 described ranges, and may be property selected according to purposes. 

[0053] The number-average, molecular weight of the block copolymer (A) is not particularly limited, and may be 
determined based on the necessary molecular weight of each of the (meth)acrylic polymer block (a) and the acrylrc 
polymer block (b). For exanple, the number-average molecular weight of the block copolymer (A) preferably ranges 
from 30,000 to 500,000, more preferably ranges from 40,000 to 400,000, and most preferably ranges from 50,000 to 
35 300,000, for the purpose of mainly improving the impact resistance. Also, the number-average molecular weight of the 
block copolymer (A) preferably ranges from 1 0,000 to 1,000,000, more preferably 20,000 to 700,000, and most pref- 
erably 30,000 to 400,000, for the purpose of mainly improving the processability. Furthemnore, the number-average 
molecular weight of the block copolymer (A) preferably ranges from 1 0,000 to 500,000, more preferably 30,000 to 
400,000, and most preferably 50,000 to 300,000, for the purpose of obtaining a compound material having elastk: 
40 modulus between those of resins and elastomers. When the number-average molecular weight is small, the physical 
^ properties deteriorate, and the mechanical properties of elastomer cannot be sufficiently exhibited. When the number- 
. average molecular weight is large, the viscosity increases, and the processability tends to decrease. Therefore, the 
number-average molecular weight is determined according to the balance between the required physical properties. 
[0054] The molecular weight is measured In terms of polystyrene by a gel permeation chromatographic (G PC) proe- 
ms ess through a polystyrene gel column using a chlorofonri as an eluent. 

[0055] Although the ratio (Mw/Mn) of the weight-average molecular weight (Mw) to the number-average molecular 
weight (Mn) of the block copolymer (A), whfch is measured by the gel permeation chromatography, is not particularly 
limited, the ratio is preferably 1 .8 or less, and more preferably 1 .5 or less. With a ratio Mw/Mn over 1 .8, the homogeneity 
of the block copolymer (A) tends to decrease. 
50 [0056] The ratios of the (meth)acrylic polymer block (a) and the acrylte polymer block (b) in the bkx^k copolymer (A) 
are not particularly limited, and the ratios may be determined by the physical properties required for the purpose of 
use, formability required in processing of the composition, and required molecular weights. of the (meth)acrylic polymer 
block (a) and the acrylic polymer block (b). 

[0057]. For exaunple, the ratios of the (meth)acrylic polymer block (a) and the acrylc polymer block (b) are preferably 
55 5% by weight to 95% by weight and 95% by weight to 5% by weight, respectively. The ratfos of the (meth)acrylic polymer 
block (a) and the acrylic polymer block (b) are more preferably 5% by weight to 50% by weight and 95% by weight to 
50% by weight, respectively, and most preferably 10% by weight to 40% by weight and 90% by weight to 60% by 
weight, respectively. When the ratio of the (meth)aciylic polymer block (a) is less than 10% by weight, rubber elasticity 
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at high temperatures tends to decrease. When the ratio exceeds 40% by weight, the mechanical properties of elastomer, 
particularly breaking elongation, tends to decrease. 

[0058] For the purpose of mainly improving impact resistance, the ratios of the (meth)acrylic polymer block (a) and 
the acrylic polymer block (b) are preferably 5% by weight to 90% by weight and 95% by weight to 1 0% by weight, more 
5 preferably 1 0% by weight to 80% by weight and 90% by weight to 20% by weight, and most preferably 20% by weight 
to 50% by weighl and 80% by weight lo 50% by weighl, respeclivety. When the ratio of the (melh)acrylic polymer block 

(a) is less than 5% by weight, compatibility with a Ihemioplastic resin decreases lo cause a tendency lo impair the 
appearance of a molded product and the weld properties. When the ratio of the acrylic polymer block (b) is less than 
10% by weight, the impact resistance of a thermoplastic resin composition tends to decrease. 

10 [0059] For the purpose of mainly improving processability, the ratios of the (meth)acry!ic polymer block (a) and the 
acrylic polymer block (b) are preferably 5% by weight to 95% by weight and 96% by weight to 5% by weight, more 
preferably 1 0% by weight to 90% by weight and 90% by weight to 1 0% by weight, and most preferably 20% by weight 
to 80% by weight and 80% by weight to 20% by weight, respectively. For the purpose of improving processability, the 
amount of the block copolymer (A) added is generally smaller than that for the purpose of improving impact resistance, 
the block copolymer (A) can be applied to a wide range of compositions. When the ratio of the (meth)acrylic polymer 
block (a) is less than 5% by weight, compatibility with a thermoplastic resin decreases to cause a tendency to impair 
the appearance of a molded product and the physical properties of a weld. When the ratio of the acrylfc polymer block 

(b) is less than 5% by weight, the effect of improving the processability of a themnoplastic resin composition tends to 
decrease. 

20 [0060] In order to obtain a compound material having a elastic modulus between those of resins and elastomers, 
the ratios of the (meth)acrylic polymer block (a) and the acrylic polymer block (b) are preferably 5% by weight to 90% 
by weight and 95% by weight to 1 0% by weight, more preferably 1 0% by weight to 80% by weight and 90% by weight 
to 20% by weight, and most preferably 20% by weight to 60% by weight and 80% by weight to 40% by weight, respec- 
tively. When the ratio of the (meth)acrylic polymer block (a) is less than 5% by weight, compatibility with a the mi op last ic 

25 resin decreases to cause a tendency to impair the appearance of a molded product and the physical properties of a 
weld. When the ratio of the acrylic polymer block (b) is less than 10% by weight, the balance of the physical properties 
of a thermoplastic resin composition tends to be lost. 

[0061 ] When the block copolymer (A) of the present invention is used as a soft material for automobile, the component 
ratios of the (meth)acrylic polymer block (a) and the acrylfc polymer block (b) of the block copolymer (A) of the present 

30 Invention are preferably 5% by weight to 60% by weight and 95% by weight to 40% by weight, more preferably 1 0% 
by weight to 40% by weight and 90% by weight to 60% by weight, and most preferably 20% by weight to 40% by weight 
and 80% by weight to 60% by weight, respectively. In particular, from the viewpoint of the hardness, adhesive property, 
mechanical strength, and elongation of the soft material for automobile, the ratios of the (meth)acrylic polymer block 
(a) and the acrylic polymer block (b) are preferably 20% by weighl lo 30% by weighl and 80% by weighl lo 70% by 

35 weight, respectively. When the ratio of the (meth)acryllc polymer Wock (a) is less than 5% fay weight, the formability of 
the soft material for automobile tends to decrease. When the ratio of the acrylic polymer block (b) is less than 40% by 
weiight. a molding of the soft rhaterial for automobile tends to increase in the tensile strength; to decrease in the adhe- 
sion, to increase in the hardness, and to decrease in the elongation of tensile property. 

[0062] The ratios of the (meth)acrylic polymer block (a) and the acrylic polymer block (b) in the bfock copolymer (A) . 

^ of the present invention may be determined according to desired physical properties such as the fomnability and required 
mechanical properties of the soft material for automobile. The scope of the present invention is not limited to the above- 
described ratios. For example, when the soft material for automobile Is required to have good fonnability, low hardness, 
adhesion, and high mechanical properties, the soft material for automobile having the ratios of the (meth)acryHc polymer 
block (a) and the acrylic polymisr block (b) of 10% by weight to 40% by weight and 90% by weight to 60% by weight, 

45 respectively, hiay be used. 

[0063] Furthemiore; from the viewpoint of low hardness, flexibility, adhesion, oil resistance, and heat resistance, the 
(meth)acrylic polymer block (a) is more preferably coniposed of methyl (meth)acrylate and/or methacryllc acid, and 
the acrylic polymer block (b) is more preferably composed of ri-butyl acrylate or a mixture of n-butyl acrylate. ethyl 
acrylatei and 2-meth6xyethyl acrylatie. • 

50 [0064] From the viewpoint of low hardness, flexibility, adhesion, oil resistance, and cost, the (meth)acrylic polymer 
block (a) Is more preferably composed of methyl (meth)acrylate, and the acrylic polymer block (b) is more prefei-ably 
composed of n-butyl acrylate or a mixture of n-butyl acrylate, ethyl acrylate, and 2 -methoxyethyl acrylate. ' 
[0065] From the viewpoint of further improving the oil resistance as occasion dehiands , and improving compatibility 
with a thermoplastic resin In a combination therewith, the (meth)acrylic polymer block (a) is more preferably corrlposed 

S5 of ;50% by weight to 100% by weight of methyl (meth) acrylate and/or methacryllc acid and 0 to 50% by weight of 
ariother vinyl monomer copolymenzable therewith, and the acrylic polymer block (b) is more preferably composed of 
507o by weight to 1 00% by weight of n-butyl acrylate or a mixture of n -butyl acrylate, ethyl acrylate. and 2-riietHoxyethyl 
acrylate and 0 to 50% by weight of another vinyl monomer copolymenzable therewith. 
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[0066] The glass transition temperature Tg^ of the (meth)acrylic polymer block (a) and the glass transition temper- 
ature TgQ of the acrylic polymer block (b) in the block copolymer (A) preferably satisfy the following relation: 

TgA>TgB 

[0067] The glass transition temperature (Tg) of each of the (meth)acryljc polymer block (a) and the acrylic polymer 
block (b) can be substantially detenmined by the monomer contents by weight of monomers in each polymer block 
according to the following Fox equation: 

l/Tg = (W^^g,) + (W/Tgg) + ... + (W^^-g^) 



+W2 + ... = 1 

[0068] In the equation, Tg represents the glass transition temperature of the polymer block. Tg^. Tgg. ... .. Tg^, each 

represent the glass transition temperature of a homopolymer of each monomer, and W.,. W2. ... , each represent 

the content by weight of each monomer unit. 

[0069] In the above-described Fox equation , the glass transition temperature of the homopolymer of each monomer 
described in, for example, Polymer Handbook Third Edition, Wiley-lntersclence, 1 989 may be used. Although the glass 
transition temperature can be measured by DSC (Differential Scanning Calorimetry) or from a tan 8 peak of dynamic 
viscoelasticity, the measured value may deviate from a value calculated according to the Fox equation when the po- 
larities of the (meth)acryllc polymer block (a) and the acrylic polymer block (b) are close to each other or when each 
block has a small number of the repeating monomer units. 

<(Meth)acrylic polymer block (a)> 

[0070] The constituent monomers of the (meth)acrylic polymer block (a) preferably include 50% by weight to 1 00% 
by weight of meth acrylic ester and 0 to 50% by weight, preferably 0 to 25% by weight, of another vinyl monomer 
copolymerizable therewith from the viewpoint of ease of production of the block copolymer (A) having desired physk^I 
properties, cost, and availability. When the rate of the methacrylk: ester is less than 50% by weight, the weather re- 
sistance, high glass transition temperature, and compatibility with a resin, which are characterlstk^s of a methacrylic 
ester, are liable lo be lost.. When the functional group (c) is contained in the (meth)acrylic polymer block (a), a monomer 
having the functional group (c) or a monomer having a functional group which is a precursor of the functional group 
(c) is preferably the methacrylic ester or the vinyl monomer copolymerizable therewith. 

[0071] The required molecular weight of the (meth)acrylic polymer block (a) may be detemnined according to the 
required cohesive force of the (meth)acrylic polymer block (a) and the time required for polymerization thereof, 
[0072] The cohesive force depends upon molecular interaction (i.e., polarity) and a degree of entanglement, and as 
the number-average molecular weight increases, the number of entangled sites increases to increase the cohesive 
force. Namely, assuming that the required molecular weight of the (meth)acrylic polymer block (a) is Ma, and the 
molecular weight of an entanglement strand of a polymer constituting the (meth)acrylic polymer block (a) is Mca, the 
range of Ma range is exemplified by the following: When cohesive force is required, Ma > Mca is preferred, and when 
cohesive force is further required. Ma > 2xMca is prefeaed. When compatibility between certain degrees of cohesive 
force and creep property is required, Mca < Ma < 2x Mca is preferred. The molecular weight of an entanglement strand 
is described by. for example. Wu et al.. Polym. Eng. and Sci„ 1 990. Vol. 30, p. 753. For example, on the assumption 
that the (meth)acrylic polymer block (a) is composed of methyl methacrylate alone, when cohesive force is required, 
the number-average molecular weight of the (meth)acrylic polymer block (a) is preferably in the range of 9200 or more. 
However, the polymerization time tends to increase as the number-average molecular weight increases, and thus the 
number-average molecular weight may be set to preferably 200,000 or less, and more preferably 100,000 or less, 
accordingi to required productivity. However, when the unit (c) is contained in the (meth)acrylic polymer block (a), the 
number-average molecular weight can be set to a lower value because the cohesive force is imparted by the unit (c). 
[0073] Examples of the (meth)acrylic ester which constitutes the (meth)acrylic polymer block (a) include methacrylic 
acid aliphatic hydrocarbon (for example, alkyl) esters such as methyl methacrylate, ethyl methacrylate, n-propyl meth- 
acrylate. isopropy! methacrylate, n-butyl methacrylate, isobutyl methacrylate, tert-butyl methacrylate, n-pentyl meth- 
acrylate, n-hexyl methacrylate, n-heptyl methacrylate, n-oclyl methacrylate, 2rethylhexyl methacrylate, nonyl methacr- 
ylate, decyl methacrylate, dodecyl methacrylate. and stearyl methacrylate; methacrylic add allcyclic hydrocarbon es- 
ters such as cydohexyl methacrylate and Isobomyl methacrylate; methacrylic acid aralkyi esters such as benzyl meth- 
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acrylate; methacryllc acid aromatic hydrocarbon esters such as phenyl methacrylate and tolyl nnethacrylate; esters of 
methacrylic acid and functional group-containing alcohols having ether oxygen, such as 2-methoxyethyI methacrylate 
and 3-methoxybutyl methacrylate; methacrylic acid fluoroalkyi esters such as trifluoromethylmethyl methacrylate. 2-tri- 
fluoromethylethyl methacrylate, 2-perfluoroethylethyf methacrylate, 2-perfluoroethyl-2-perfiuorobutyiethyf methacr- 
ylate, 2-perfluoroethyr methacrylate, perTluoromethyl methacrylate, diperfluoromethylmethyl methacrytate, 2-perfluor- 
omethyl-2'perfluoroethyimelhylmelhacrylaLe, 2-perfluorohexylelhyl melhacrylale, 2-pernuorodecylelhyl melhacrylale, 
and 2-perfluorohexadecylelhyl melhacrylale; 2-hydroxyelhyl melhacrylale; 4-hydroxybulyI melhacrylale; 2-hydroxy- 
propyl methacrylate: glycidyl methacrylate: 2-aminoethyl methacrylate: r(methacryloyloxypropyl) trimethoxysllane; 
7-(methacryloyloxypropyl) dimethoxymethylsilane: and ethylene oxide addition products of methacrylic acid. These 
methacrylates may be used alone or in a combination of two or more. In particular, methyl methacrylate is preferred 
from the viewpoint of compatibility with a thermoplastic resin in a combination therewith, cost and availability 
[0074] Examplesof the vinyl monomer copolymerizable with the methacrylic ester which constitutes the (meth)acryllc 
polymer block (a) include acrylic esters, aromatic alkenyl compounds, vinyl cyanide compounds, conjugated diene 
compounds, halogen-containing unsaturated compounds, silicon-containing unsaturated compounds, unsaturated car- 
boxylic acid compounds, unsaturated dicarboxy lie acid compounds, vinyl ester compounds- and maleimide com- 
pounds. ' 
[0075] Examples of the acrylic ester include acrylic acid aliphatic hydrocarbon (for example, alky!) esters such as 
methyl acrylate, ethyl acrylate. n-propyl acrylate. isopropyl acrylate, n-butyf acrylate, isobutyl acrylate, tert-butyl acr- 
ylate. n-penty| acrylate, n'-hexyl acrylate, n-heptyl acrylate, n-octyl acrylate, 2 -ethylhexyl acrylate. hohyl acrylate, decyl 
acrylate, dodecyl acrylate, and stearyl acrylate: acrylic add alicyclic hydrocarbon esters such as cyclohexyl acrylate 
and isobomyl acrylate; acrylic add aromatic hydrocarbon esters such as phenyl acrylate and tolyl acrylate; acrylic iacid 
aralkyi esters such as benzyl acrylate; esters of acrylic acid with functional group-containing alcohols having ether- 
oxygen; such as 2-methoxyethyl acrylate and 3-methoxybutyl acrylate; acrylic acid fluoroalkyi esters such as trifluor- 
omethylmethyl acrylate, 2-trifluoromethylethyl acrylate, 2-perfluoroethylethyl acrylate, 2-perfluorDethyl-2-perfluor- 
obutylethyl acrylate, 2-perf I uoroethyi acrylate, perfluoromethyl acrylate. diperfluoromethylmethyl acrylate, 2-perfluor- 
omethyl-2-perfluoroethytmethyl acrylate, 2-perfluorohexylethyl acrylate, 2-perfluorodecylethyl acrylate, and2-perfluor- 
ohexadecylethyl iacrylate; 2-hydr6xyethyl acrylate; 4-hydr6xybutyl acrylate; 2-hydroxypropyl acrylate; glycidyl acrylate; 
2-aminoethyl aferylate;'y-(methacryl6yloxypropyl) trimethoxysilane; Y-(methacryloyloxypropyl) dimethoxymethylsilane; 
and ethylene oxide addition products of acrylic add. 

[0076] Examples of the aromatic alkenyl compounds include styrene, a-methylstyrene, p-methylstyrene, and p-meth- 
bxystyrene. . . . . = ... . . 

[0077] Examplesof the vinyl cyanide compounds include acrylonitrile and methacrytonitr^^^ 
[0078] Examples of the conjugated diene compounds indude butadiene and isoprene. 

[0079] Examples of the halogen-containing unsaturated compounds include vinyl chloride, vinylidene chloride, per- 
fluoroethylene, perfluoropropylene, and vinylidene fluoride 

[0080] Examples of the silicon-containing unsaturated corhpounds include vinyltrimethbxysilane and vinyltriethox- 
ysilane. . - 

[0081] Examples of the unsaturated carboxylic acid compounds include methacrylic acid and acrylic acid. 

[0082] Examples of thef unsaturated dicarboxylic add compounds include maleic anhydride, maleic acid, maleic acid 

monoalkyl and dialkyi esters, fumaric acid; and fumaric acid monoalkyi and dialkyi esters. 

[0083] Examples of the vinyl ester compounds Includie vinyl acetate, vinyl propiohate, vinyl pivalate, vinyl benzoate, 
and vinyl cinnamate. 

[0084] Examples of the maleimide compounds include maleimide, methylrrialelmide, ethylhnaleimide, propylmaleim- 
ide; butylmaleimide, hexyimaleimtde, octylmaleiniide, dod^lhialeimide. stearylnialeimide, phenylrnaleiriiide. and cy- 
cl ohexylmaleimide. 

[0085] These copolymerizable monomeris can be used alone or in a combination of two or nnore. The vinyl moriomer 
is preferably selected acfeording to compatibility of the block copblyrner (A) in combination with the thermoplastic resin. 
When the bldck copolymer (A) of the present invention is used as the soft material for autonhobile, the vinyl monomer 
is preferably selected according to the forrriability and the required mechanical properties of the soft material for au- 
tomobile. Although a methyl methacrylate polymer is substantially quantitatively depolymerized by thermal decompo- 
sition, hnethylmethacrylate can be copolymerized with an acrylic ester, for example, methyl acrylate, ethyl acrylate: n- 
biityi acrylate, or 2-methbxyethyl acrylate; a mixture thereof: or styrene, for^ suppressing the depolymerization. In oriier 
to further improve the oil resiistiance. methyl methaciylate can be cbpolymerized with acrylonrtrile. 
[0086]' The glass . transition temperature of the (meth)acrylic polymer block (a) is preferably 25** C or more, more 
preferably 40*'C or more, further preferably SCC or more, further preferably 100*'C for more, particularly preferably 
lOS^C, and niost preferably 11 0*'C or rnore. When the (meth)acrylicpolymerblock(a) has a glass transition temperature 
of less than 25**C, formability tends to diecrease. Also, with a glass transition temperature of less than 100*C. the heat 
resistance of the resulting thennoplastic elastomer is Ihsufficient. and thus rubber elasticlty 'at high temperatures tends 
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to decrease. 

[0087] The glass transition temperature (Tg) of the {meth)acrylic polymer block (a) can be detemnined by setting the 
ratio by weight of each nnonomer constituting the polymer block according to the above-described Fox equation. The 
glass transition temperature Is calculated accorcling to the Fox equation using a value of the glass transition temperature 
of a homopolymer of each monomer described In Polymer Handbook Third Editbn, Wiley-lnterecience. 1989. 

<Acrylic polymer block (b)> 

[0088] The constituent monomers of the acrylic polymer block (b) preferably include 50% by weight to 100% by 
weight of acrylic ester and 0 to 50% by weight, preferably 0 to 25% by weight, of another vinyl monomer copolymerizable 
therewith from the viewpoint of ease of production of a composition having desired physical properties, cost, and 
availability. When the ratio of the acrylic ester is less than 50% by weight, the physical properties, partteularly impact 
resistance and flexibility, which are characteristkss of an acrylk: ester, are likely to degrade. 

[0089] The required molecular weight of the acrylic polymer block (b) may be determined according to the required 
elastic modulus and rubber elasticity of the acrylic polymer block (b), and the time required for polymerization thereof. 
[0090] The elastic modulus is closely related to the mobility (i.e., glass transition temperature) and the molecular 
weight of a molecular chain, and the inherent elastic modulus is not exhibited unless the molecular weight is a certain 
value or more. This also applies to the rubber elasticity, but the molecular weight is preferably as high as possible from 
the viewpoint of rubber elasticity. Namely, when the necessary molecular weight of the acrylte polymer block (b) is Mb, 
a range of the molecular weight Mb is preferably Mb > 3.000, more preferably Mb> 5.000. further preferably Mb > 
10.000, partfcularly preferably Mb > 20,000, and most preferably Mb > 40,000. However, since the polymerization time 
tends to increase as the number-average molecular weight increases, the number-average molecular weight may be 
determined according to required productivity, and is preferably 500,000 or less, and more preferably 300,000 or less. 
[0091] Examples of the acrylic ester which constitutes the acrylic polymer block (b) include acrylic acid aliphatrc 
hydrocartxjn (for example, alkyl) esters such as methyl acrylate, ethyl acrylate. n-propyl acryiate, isopropyt acrylate, 
n-butyl acrylate, isobutyl acrylate, tert-butyl acrylate. n-pentyl acrylate, n-hexyl acrylate, n-heptyl acrylate, n-octyl acr- 
ylate. 2-ethylhexyl acrylate. nonyl acrylate, decyl acrylate, dodecyl acrylate, and stearyl acrylate; acrylic acid alfcyclic 
hydrocarbon esters such as cyclohexyl acrylate, and isobomyl acrylate; acrylic acid aromatic hydrocarbon esters such 
as phenyl acrylate and tolyl acrylate; acrylic acid aralkyi esters such as benzyl acrylate; esters of acrylic acid and 
functional group-containing alcohols having ether oxygen, such as 2-methoxyethyl acrylate and 3-methoxy butyl acr- 
ylate; acrylic acid fluoroalkyi esters such as trifluoromethylmethyl acrylate. 2-trifluoromethylethyl acrylate, 2-perfluor- 
oethylethyl acryiate, 2-perfluoroethyl-2-perTluorobutylethyl acrylate, 2-perf luoroethyl acrylate, perfluorom ethyl acrylate, 
diperfluoromethylmethyl acrylate, 2-perfluoromethyl-2-perfluoroethylmethyl acrylate, 2-perfluorohexylethyI acrylate, 
2-perfluorodecylethyl acrylate, and 2-perfluorohexadecylelhyl acrylate: 2-hydroxyethyl acrylate; 4-hydroxybutyl acr- 
ylate; 2-hydroxypropyI acrylate; glycidyl acrylate; 2-aminoethyl acrylate; 7-(methacryloyloxypropyl) trimethoxysilane; 
Y-(methacryloyioxypropyl) dim ethoxymethylsl lane; and ethylene oxide addition products of acrylic acid. These acrylic 
esters may be used alone or in a combination of two or more. 

[0092] Among these acrylic esters, n-butyl acrylate is preferred from the viewpoint of impact resistance of a thermo- 
plastic resin composition, cost and availability. When the composition is required to have oil resistance, n-ethyl acrylate 
is prefen^ed. When low-temperature characteristics are required, 2-ethylhexyl acrylate is preferred. When both the oil 
resistance and the low-temperature characteristics are desired to be satisfied, a mixture of n-ethyl acrylate, n-butyl 
acrylate, and 2-methoxyethyl acrylate is preferred. When the block copolymer (A) of the present invention is used as 
the soft material for automobile, n-butyl acrylate or a mixture of n-butyl acrylate, ethyl acrylate, and 2-methoxyethyl 
acrylate is preferred from the viewpoint of the flexibility and oil resistance of a molding of the soft material for automobile, 
and availability. 

[0093] Examples of the vinyl monomer copolymerizable with the methacrylic ester which constitutes the acrylic pol- 
ymer block (b) include methacrylic esters, aromatic alkenyl compounds, vinyl cyanide compounds, conjugated diene 
compounds, halogen-containing unsaturated compounds, silicon-containing unsaturated compounds, unsaturated car- 
boxylic acid compounds, unsaturated dicarboxylic acid compounds, vinyl ester compounds, and maleimide com- 
pounds. 

[0094] Examples of the methacrylic ester include methacrylic acid aliphatic hydrocarbon (for example, alkyl) esters 
such as methyl methacrylate, ethyl methacrylate, n-propyl methacrylate, isopropyl methacrylate, n-butyl methacrylate, 
isobutyl methacrylate, tert-butyl methacrylate, n-pentyl methacrylate, n-hexyl methacrylate, n-heptyl methacrylate, n- 
octyl methacrylate, 2-ethylhexyi methacrylate, nonyl methacrylate, decyl methacrylate, dodecyl methacrylate, and 
stearyl methacrylate; methacrylic acid alicyclic hydrocarbon esters such as cyclohexyl methacrylate and isobomyl 
methacrylate; methacrylic acid aralkyi esters such as benzyl methacrylate; methacrylic acid aromatic hydrocartaon 
esters such as phenyl methacrylate and tolyl methacrylate; esters of methacrylic acid and functional group-containing 
alcohols having ether oxygen, such as 2-methoxyethyl methacrylate and 3-methoxybutyl methacrylate; methacrylic 
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acid fluoroalkyi esters such as trifluoromethylmethyl methacrylate, 2-trifluoromethylethyl methacrylate, 2-perfluoroeth- 
yiethyl methacrylate, 2-perfluoroethyl-2-perfluorobutylethyl methacrylate, 2-perflu6roethyl methacrylate, perfluorome- 
thyl methacrylate, diperfluoromethylmethyl methacrylate, 2-perfluoromethyl-2-perfluoroethylmethyl methacrylate, 
2-perfluorohexylethyl methacrylate, 2-perfluorodecylethyl methacrylate, and 2-perfluorohexadecylethyl methadrylate; 
2-hydroxyethyl methacrylate; 2-hydroxypropyl methacrylate; glycidyl methacrylate; 2-aminoethyl methacrylate; 7-(meth- 
acryloyloxypropyl) trimelhoxysilane; -/-(melhacryloyloxypropyl) dimelhoxymethylsilane; and ethylene, oxide addition 
products of melhacrylic acid. 

[0095] Examples of the aromatic alkenyl compounds include styrene, a-methylstyrene, p-methylstyrene, and p-meth- 
oxystyrene. 

[0096] Examples of the vinyl cyanide compounds include acrylonitrile and methacrylbnitrlle. 
[0097] Examples of the conjugated diene compounds include butadiene and isoprene. 

[0098] Examples of the halogen-containing unsaturated compounds include vinyl chloride, vinylidene chloride, per- 
fluoroethylene, perfluoropropylene. and vinylidene fluoride, 

[0099] Examples of the silicon-containing unsaturated compounds include vinyltrimethoxysilane and vinyltriethox- 
ysilane. 

[0100] Examples of the unsaturated carboxylic acid compounds include methacryllc acid and acrylic acid. 

[0101] Examples of the unsaturated dicarboxylic acid compounds include maleic anhydride, maleic acid, maieic acid 

monoalkyi and dialkyi esters, fumaric acid, and fumaric acid monoalkyi and dialkyi esters. 

[01 02] Examples of the vinyl ester conlpbunds include vinyl acetate, vinyl propionate, vinyl pivalate, vinyl benzoate; 
and vinyl cinnamate: • . 

[0103] Examples of the maleimide compounds include maleimide, methylmaleimlde, ethylmaleimide, propylmalelm- 
ide, butylmaleimide, hexylmaleimide, octylmaleimide, dodecylmaleimide, stearylmaleimide, phenylmaleimide; arid cy- 
ciohexylmaleimide. 

[0104] These copolymerizable vinyl monomers can be used alone or in a combination of two or more: The vinyl 
monomer is preferably selected according to the required glass transition temperature, elastic modulus and polarity of 
the acrylic polymer block (b), and the required physical properties of a composition. For example, acrylonitrile may be 
copolymerized for improving the oil resistance of the composition. Also, when the oil resistance is required, a mixture 
of n-butyl acrylate, ethyl acrylate, and 2-nriethoxyethyl acrylate can be used. 

[01 05] When the block copolymer (A) of the pi-esent invention is used as the soft material for automobile, the glass 
tranisition temperature of the acrylic polymer block (b) is preferably 25°C or less, more preferably 0°C or less; arid most 
preferably -20^C or less. With a glass transltioh temperature of over 25°C,' the flexibility and loW^teriiperature charac- 
teristics of a molding of the soft material for automobile tend to decrease. ' - 

<FunclionaI group (c)> ^ = • 

[0106] The functional group (c) is preferably a cariDoxyl group and can be selected according to demand. 
[0107] As a method for introducing the functional group (c), the functional group (c) is preferably introduced by direct 
polymerization when a monomer having the functional group does not poison a catalyst uhder-polymerization condi- 
tions, and the functional group (c) is preferably introduced by functional grbiip conversion when a riionorrier having 
the functional group deactivates the catalyst during polymerization. The latter method will be described below. 
[0108] In the method for introducing the functional group (c) by converting f urictibnal group, the functional grdujs (c) 
protected by an appropriate protective group or a precursor functional groUp of tiie* functional grbup- (c) may be intro- 
duced into the block copolymer (A) and then subjected- to a known chemical reaction to produce the fdnctiorial'^roup. 
This method can introduce a icarboxyr grouj3. • v - • , r 

[0109] An example of a method for synthesiiliig the block copolymer (A) having a carboxyl group coriiprises- syn- 
thesizing a block copolyrtier containing a rribhoriier having a precursdf functional group of ii carboxyl group, sudh as 
tert-butyl met habfy late; tert-biirtyr aery fe^^ methacrylatei'or trimethylsilyr aa^^ then eff^dting a 

known cheriiical reactiori such^as hydrolysis or addolysis to p ~ . : . 

[Olid]. Japanese On exainriihed Patent Appllcaitibn Publication Nos. 10-^298248' and 2001 -2341 46' disclose that an 
acrylic block copolymer having a carboxyr grbup is "synthesized by functional group conversion. However; in th^e 
publications, the effect of introduction of a functional group on the themnal decomposition resistance of the acrylic block 
copolymer is not riientioried. ' " ■ * ■.*. . •„ \ - : : . • . • • 

.^f^^!^^? A functional group such as a barboxyl grotip has high cohesiv^ forc^ having the functional 

group has a highglasis transition temperature (Tg) and has the effect of improving the thermal decdmpbsitibn resistance 
of the block copolymer (A). Although a functional grolip sucW as a hydrbxyl group has a hydrogen bbridirig ability, a 
monomer having such a functional group has low Tg and a small effect of improving themial decomposition resistance, 
as coriipared with the monomer having a carboxyl 'grbup. - ■ . ; 

[0112] A pblyrrier having acarbbxyl group has a high glass transition terinperatijre, for example, 228*0 for pblynieth- 
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acrylic acid and 1 06°C for polyacrylic acid, and the introduction of a constituent monomer of such a polymer can improve 
the thermal decomposition resistance of the blocic copolymer (A). 

[011 3] The physical properties of the block copolymer (A) of the present invention can be measured by the methods 
described below. 

5 

(Thermal decomposition resistance) 

[01 14] A 5%-weightHoss temperature is measured by thermogravimetric analysis at a heating rate of 1 0.0 ''C/min at 
a flow rate of 50.0 ml/min under a nitrogen atmosphere. The term "5%-weight-loss temperature" means a temperature 
10 where the weight (M-p) of a sample satisfies the following equation in continuous heating under the above-described 
conditions. In the equation, M-,qq represents the weight of the sample at 100**C. 

5.00= (M - Mt.)/M^oo ^ "^OO 

15 

(Mechanical strength (tensile strength)) 

[01 1 5] Although mechcinical strength can be measured according to JIS K6301 , it can also be measured by a method 
similar to JIS K6301 . For example, measurement according to the method of JIS K7113 is regarded as a similar eval- 
20 uation method in the present invention. 

(Hardness) 

[0116] Hardness at 23°C (initial value according to JIS A) is measured according to JIS K6253. However, when a 
25 hardness measured by a type A durometer exceeds 90, the hardness is measured by a type D durometer (JIS D). 

(Compression set) 

[01:17] According to JIS K6301 , a cylindrical molded sample is held at 70°C for 22 hours at a compression rate of 
30 25% and allowed to stand at room temperature for 30 minutes. Then, the thickness is measured to determine residual 
set. Namely, a compression set of 0% corresponds to complete recovery, and a compression set of 1 00% corresponds 
to no recovery. 

<Method for producing the block copolymer (A)> 

35 

[01 18] Although the method for producing the block copolymer (A) is not particularly limited, controlled polymerization 
using a initiator is preferably used. Examples of controlled polymerization include living anionic polymerization, radical 
polymerization in the presence of a chain transfer agent, and living radical polymerization recently developed. Of these 
polymerization methods, the living radical polymerization is particularly preferred from the viewpoint of control of the 
40 molecular weight of the block copolymer (A) and its structure. 

* [0119] The liying radical polymerization is radical polymerization in which the activity of a polymerization terminal is 
maintained. Although, in a restricted sense, the terni "living polymerization" means polymerization in which the terminal 
activity is maintained, the term generally includes pseudo-Irving polymerization in which inactivated temrjinal and acti- 
vated terminal are in an equilibrium state. Herein, the latter definition of living polymerization is used. In recerit years, 
living radical polymerization has been intensively studied in many groups 

[0120] Examples of living radical polymerization include polymerization using a polysulfide as a chain transfer agent, 
polymerization using a cobalt-porphyrin complex (J. Am. Chem. Soc., 1994, Vol. 1 1 6, p. 7943) or a nitroxide compound 
as a radical scavenger (Macromolecules, 1994, Vol. 27, p. 7228), and atom transfer radical polymerization (ATRP) 
using an organohalogen compound functioning as an initiator and a transition metal complex functioning as a catalyst. 
so Although, in the present inventbn, any one of these methods may be used, the atom transfer radical polymerization 
is preferred from the viewpoint of ease of control, 

[0121] The atom transfer radical polymerization uses an organohalogen compound or a sutfonyl halide compound 
functioning as an initiator, and a metal complex mainly composed of a metal of the Group VI 11, IX, X or XI elements in 
the periodic table as a catalyst (refer to, for example, Malyjaszewski et.al, Journal of American Chemical Society, 1 995, 
55 Vol. 1 1 7, p. 561 4; Macromolecules, 1 995, Vol. 28. p. 7901 ; Sdenqe, 1 996, Vol. 272, p. 866; or Sawamoto et.al, Mac- 
romolecules, 1995. Vol. 28, p. 1721). 

[0122] In these methods, radcal polymerization generally has a high rate of polymerization, and easily produces a 
termination reaction such as coupling of radicals. According to these methods, however, the polymerization proceeds 
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in a living manner and can produce a polymer having a narrow molecular-weight distribution (Mw/IVln = 1 Ito 1 .5), and 
the molecular weight can be freely controlled by adjusting the ratio of the monomer to the initiator at the time of feeding. 
[0123] In the atom transfer radical polymerization method, a monofunctional, difunctional or polyfunctional compound 
can be used as an organohalogen compound or a sulfonyl halide compound functioning as the initiator. These com- 

5 pounds can be properly used according to purposes. Namely, a monofunctional compound is preferably used for pro- 
ducing a di-block copolymer from the viewpoint of availabilily of the inilialor. A difuncllonal compound is preferably 
used for producing an a-b-a tri-bock copolymer or a b-a-b tri-block copolymer from the viewpoint of the number of the 
reaction steps and the short reaction time. A polyfunctional compound is preferably used for producing a branched 
block copolymer from the viewpoint of the number of the reaction steps and the short reaction time. 

10 [01 24] Altematively. a polymeric initiator can be used. The polymeric initiator is a polymer compound having a halogen 
atom bound at an end of its molecular chain among the organohalogen compounds and the sulfonyl halide compounds. 
Such a polymeric initiator can be produced by a controlled polymerization method other than the living radical polym- 
erization method. Therefore, the polymeric initiator has the characteristic that the block copolymer (A) comprising 
polymers prepared by different polymerization methods and bonded together can be produced. 

15 [0125] Examples of the monofunctional compounds include compounds represented by the following formulae: 

CgHg-CH2Xi 
C6H5-C(H)(X)-CH3; 
C6H5-C(X)(CH3)2: 



20 



25 



3S 



40 



R^-C (H) (X)-COOR^; 



30 R ^ -C (CH3) (X) -COOR^ 



and 



R^-C(H) (X) -CO-R^; 



R^-C (CH3) {X)-CO-R^; 



R -C6H4-SO2X. 



[0126] In these fomiulae, C^H^ represents a phenyl group, CqH^ represents a phenylene group (may be an ortho-, 

metha- or para-substituted group), W represents a hydrogen atom, an alkyi group having 1 to 20 carbon atoms, an \ 

45 aryl group having 6 to 20 carbon atoms, or an aralkyi group having 7 to 20 carbon atoms, X represents chlorine. 

bromine, or iodine, and represents a monovalent organic group having 1 to 20 carbon atoms, j 

[0127] Examples of the alkyI group R^ (containing an alycyclic hydrocarbon group) having 1 to 20 carbon atoms J 

include a methyl group, an ethyl group, a propyl group, an Isopropyl group, a n-butyl group, an ispbutyl group, a tert- \ 

butyl group, a n-pentyl group, a n-hexyl group, a cyciohexyl group, a n-heptyl group, a n-octyl group, a 2-ethylhexyl | 

50 group, a nonyl group, a decyl group, a dodecyl group, and an isobomyl group. Examples of the aryl group having 6 to . J 

20 carbon atoms Include a phenyl group, a tolyl group, and a naphthyl group. Examples of the aralkyi group having 7 ^ 

to 20 carbon atoms include a benzyl group, and a phenethyl group. ■} 

[01 28] Examples of the monofunctional compound include tosyl bromide, methyl 2-bromopropionate, ethyl 2-bromo- !| 

propionate, butyl 2-bromopropionate, methyl 2-bromoisobutyrate. ethyl 2-bromoisobutyrate. and butyl 2-bromoisobu- ! 

55 tyrate. Among these compounds, ethyl 2-bromopropk)nate and butyl 2-bromopropionate are prefered from the view- \ 
point of polymerization control because they are similar in structure to acrylic ester monomers. 
[0129] Examples of the difunctional compound Include compounds represented by the foltowing formulae: 
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^ XCH (CH3) -C6H4-CH (CH3) -X; 

XC(CH3)2-CeH4-C(CH3)2-X; 
XCH (COOR^) - {CH2)n-CH (COOR^) -X; 
XC (CH3) (COOR^)-(CH2)n-C (CH3) (COOR^)-X; 

15 

XCH (COR^) - (CH2) n-CH (COR^) -X; 
^ XC (CH3) (COR^) - (CH2)„-C (CH3) (GOR^) -X; 

XCH2-CO-CH2-X; 

^ XCH (CH3) -CO-CH (CH3) -X; 

XC (CH3)2-COC (CH3) 2-X; 

30 

XCH (CgHg) <:0-CH (CgHg) -X; 
^ XCH2-COO- (CH2)n-OCO-CH2-X; 

XCH (CH3) -COO- (CH2) n*OCO-CH (CH3) -X; 
XClCHg) 2-COO - {CH2)n-OCO-C {CH3) g-X; 
XCHg-CO-CO-CHg-X; 

45 

XCH (CH3) -CO-CO-CH (CH3) -X; 
^ : - . . XC (CH3) 2-CO-CO-C (CH3) 2-X; 

XCH2-COO-CeH4-OCO-CH2-X; 
^ XCH (CH3) -COO-CgH^-OCO-CH (CH3) -X; 
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XC (CH3) 2-COO-C6H4-OCO-C (CH3) 2-X; and 



XSOg-CgH^-SO^-X. 

[0130] In these formulae, represents an alkyi group having 1 to 20 carbon atoms, an aryl group having 6 to 20 
carbon atoms, or an aralkyl group having 7 to 20 carbon atoms, n represents an integer of 0 to 20, and CeHg, C6H4, 
and X are also defined as described above. 

[0131] Since examples of the alkyl group R3 having 1 to 20 carbon atoms, the aryl group having 6 to 20 carbon 
atoms, and the aralkyl group R3 having 7 to 20 carbon atoms arc the same as those of the alkyl group R^ having 1 to 
20 carbon atoms, the aryl group Ri having 6 to 20 carbon atoms, and the aralkyl group having 7 to 20 carbon atoms, 
respectively, the description thereof is omitted. 

[0132] Examples of the difunctional compound include bis(bromomethyl)ben2ene, bis (1-bromoethyl)ben2ene, bis 
(l-bromoisopropyl)benzene, dimethyl 2.3-dibromosuccinate. diethyl 2,3-dibromosuccinate. dibutyl 2.3-dibromosiJpci. 
nate, dimethyl 2,4-dibromoglutarate. diethyl 2,4-dibromoglutarate. dibutyl 2;4-dibromoglutarate, dirnethyl 2.5-dibro- 
moadipate, diethyl 2,5-dibromoadipate. dibutyl 2,5-dibromoadipate, dimethyl 2.6-dibromopimeIate, diethyl 2.6-di- 
bromoplmelate, dibutyl 2.6-dibromopimelate, dimethyl 2. 7-dibromosu berate, diethyl 2.7-dibromosuberate. and dibutyl 
2,7-dibromosuberate. Among these compounds, bis(bromomethyl)benz en e, diethyl 2, S-dibromoadipate; and diethyl 
2,6-dibromopimelate are preferred from the viewpoint of availability of raw materials. 

[01 33] Examples of the polyfunctional compound include compounds represented by the following formulae: 

CfiHg- (CH2-X)3: 



C6H3-(CH (CH3) :X)3; 
C6H3-(pCO-CH2-X)3. 



C6H3-(OCO-CH(CH3)-X)3: 
C6H3-(OCO-C(CH3)2-X)3: 

and 

C6H3.(S02-X)3. : . 

[0134] In these formulae, CqH^ is a trivalent phenyl group (the three bond sites include any of the 1 - to 6-positions), 
and X is defined as described above. 

[0135] - Examples of the polyfunctional compound include tris(bromomethyl)benzene, tris(1 -bromoethyl)benzene and 
tris(.1-bromoisopropyl)ben2ene. Of these compounds, tris(bromomethyl)benzene Is prefen-ed from the viewpoint of 
availabilityof raw materials. ^ . : . 

[0136] When an organohalogen compound orsulfonyl halide compound having a functional group other than a group 
for initiating polymerization is used, a polymer in whteh a functional group otherthari a group for initiating polymerization 
is introduced at the end or in the molecule can easily be produced. Examples of such a functional group other than 
the group for Inlttating polymerization'include an alkenyl group, a hydroxyl group, an epoxy group, an amino group, an 

amido group, and a silyl group 

[0137] The organohalogen compound or the sulfonyl halide compound used as the initiator has a cartDon atom bound 
to a halogen group (halogen atom) and also bound to a cartDonyl group or phenyl group, and thus a cartoon-halogen 
bond is activated to initiate polymerization. The amount of the initiator used may be determined based on the ratio to 
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the monomer used according to the required molecular weight of the block copolymer (A). Namely, the molecular weight 
of the block copolymer (A) can be controlled by adjusting the number of the monomer molecules used per molecule 

of the initiator. 

[0138] Although the transition metal complex used as the catalyst of the atom transfer radical polymerization is not 
5 particularly limited, complexes of monovalent or zero-valent copper, dh^alent ruthenium, divalent Iron, and divalent 
nickel are preferred. 

[0139] In particular, copper complexes are preferred from the viewpoint of cost and reaction control. Examples of 
monovalent copper compounds include cuprous chloride, cuprous bromide, cuprous iodide, cuprous cyanide, cuprous 
oxide, and cuprous perchlorate. Of these compounds, cuprous chloride and cuprous bromide are preferred from the 

io viewpoint of control of polymerization. In the use of a monovalent copper compound, a ligand may be added for im- 
proving catalytic activity, and examples of the ligand include 2.2'-bipyridyl compounds such as 2,2'-bipyridyl and its 
derivatives (for example, 4,4'-dinoryl-2,2'-bipyrldyl and 4,4'-di(5-noryl)-2.2'-bipyridyl); 1 ,1 0-phenanthroline compounds 
such as 1,10-phenanthn^line and its derivatives (for example, 4,7-dinoryl-1.1 0-phenanthroline and 5,6-dinoryl- 
1,1 0-phenanthroline): polyamines such as tetramethyl diethylenetriamine (TMEDA), pentamethyl diethylenetriamine, 

IS and hexamethyl (2-aminoethyl)amine. 

[0140] A tristriphenylphosphine complex (RuCl2(PPh3)3) of divalent ruthenium chloride is also preferred as the cat- 
alyst. In the use of a ruthenium compound, an aluminum alkoxide may be added as an activating agent. Furthemnore, 
istriphenylphosphine complex (FeCl2(PPh3)2) of divalent iron, bistriphenylphosphine complex (NiCl2(PPh3)2) of diva- 
lent nickel, and bistributylphosphine complex (NiBr2(PBu3)2) of divalent ntekel are preferably used as the catalyst. 

20 [0141] Although the catalyst, ligand and activating agent used are not particularly limited, they may be property 
determined in consideration of the initiator, monomer and solvent used and the required reaction rate. For example, 
in order to polymerize an acrylic monomer such as an acrylic ester, the propagation end of a polymer chain preferably 
has a carbon-bromine bond from the viewpoint of control of polymerization. Therefore, an organobromine compound 
or sulfonyl bromide compound is preferably used as the Initiator; acetonitrile is preferably used as the solvent; copper 

25 bromide, preferably a metal complex composed of copper of cuprous bromide as a central metal , is used as the catalyst; 
and pentamethyl diethylenetriamine is preferably used as the ligand. In order to polymerize a methacrylic monomer 
such as a methacrylic ester, the propagation end of a polymer chain preferably has a carbon-chlorine bond from the 
viewpoint of control of polymerization. Therefore, an organochlorine compound or sulfonyl chloride compound is pref- 
erably used as the initiator; acetonitrile or a mixture of acetonitrile and toluene according to demand is preferably used 

30 as the solvent; copper chloride, preferably a metal complex composed of copper of cuprous chloride as a central metal, 
is used as the catalyst; and pentamethyl diethylenetriamine is preferably used as the ligand. 

[0142] The amounts of the catalyst and ligand used may be detemnined in consideration of the initiator, monomer 
and solvent used and the required reaction rate. For example, the initiator/monomer ratio must be decreased for pro- 
ducing a polymer having a high molecular weight, as compared with thai for producing a polymer having a low molecular 
35 weight. In such a case, the reaction rate can be increased by increasing the amounts of the catalyst and ligand. When 
an appropriate organte solvent is added for decreasing the viscosity of the polymerization system and increasing the 
stirring efficiency in order to produce a polymer having a glass transition temperature higher than room temperature, 
the reaction rate tends to decrease. In such a case, the reaction rate can be increased by increasing the amounts of 
the catalyst and ligand used. 

40 [01 43] The atom transfer radical polymerization can be perionned in the absence of a solvent {bulk polymerization) 
^ or in any of various solvents. Also, bulk polymerization or polymerization in any of various solvents can be suspended 
in the course of polymerization. 

[01 44] Examples of the solvent include hydrocarbon solvents, ether solvents, halogenated hydrocarbon solvents, 
ketone solvents, alcohol solvents, nitrile solvents, ester solvents, and carbonate solvents. 

45 [01 45] Examples of the hydrocarbon solvents include benzene and toluene; examples of the ether solvents include 
diethyl ether and tetrahydrofuran; examples of the halogenated hydrocarbon solvents include methylene chloride and 
chlorofonm; examples of the ketone solvents include acetone, methyl ethyl ketone, and methyl isobutyl ketone; exam- 
ples of the alcohol solvents include methanol, ethanol, propanol, isopropanol, n-butanol. tert-butanol; examples of the 
nitrile solvents Include acetonitrile, propionltrile, and benzonitrile; examples of the ester solvents include ethyl acetate 

50 and butyl acetate; and examples of the carbonate solvents include ethylene carbonate and propylene carbonate. 
[0146] These solvents may be used alone or in a combination of two or more. 

[0147] When a solvent is used, the amount of the solvent used may be properly detenmined based on the relation 
between the viscosity of the whole system and the required stirring efficiency (i.e., reaction rate). When bulk polymer- 
ization orpolymerizalion in a solvent is suspended in the course of polymerization, the conversion rate of the monomer 
55 at the suspended point of reaction may also be property detennnined based on the relation between the viscosity of the 
whole system and the required stirring efficiency (i.e., reaction rate). 

[01 48] The polymerization can be performed in the range of room temperature to 2O0'*C, and preferably in the range 
of SO'^Cto 150**C. 
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[0149] Examples of a method for producing the blocl< copolymer (A) by the above^escribed polymerization include 
a method of successively adding the monomers, a method of polymerizing a next block in the presence of the previously 
synthesized polymer functioning as the polymeric initiator, and a method of linking separately prepared polymers by 
reaction. Any one of these polymerization methods may be properly used according to the purpose. The method of 

5 successively adding the monomers is prefen-ed from the viewpoint of ease of production, and the method of polymer- 
izing a next block in the presence of the previously synlhesized polymer functioning as the polymeric inilialpr is preferred 
for avoiding the remaining monomer of the previous block from being copolymeri^ed with the next block. 
[0150] Although the method of successively adding the monomers and the method of polymerizing a next block in 
the presence of the previously synthesized polymer functioning as the polymeric initiator will be described in detail 
below,.the method for producing the block copolymer (A) of the present invention is not limited to these methods. 
[0151] In the method of successively adding the monomers, preferably, a first monomer is polymerized until the 
conversion rate of the monomer becomes 80 to 95%. and a second monomer is then added. When the polymerization 
proceeds until the conversion rate exceeds 95% (for example, 96% to 1 00%), the propagation reaction of the polymer 
chain, is stochastically decreased, and polymer radicals easily react with each other to cause side reaction such as 

15 disproportionation, coupling, or chain transfer. When the second monomer is added at a conversion rate of less than 
80% (for example. 79% or less), there, is a problem that the first monorner may become mixed and copolymerized with 
the seopnd monomer. 

[01 52] In this case, possible methods for adding the monomers include a method (x1 ) in which an acrylic monomer 
is.first added and polymerized, and then a methacrylic monomer Is added and polymerized, and a method (y1 ) in which 
the methacrylic monomer is first added and polymerized, and then the acrylic monomer is added and polymerized. 
However, the method (x1) in which the. acr/lic monomer is first added and polymerized, and then the methacrylic 
monomer is added and polymerized is prefen-ed from the viewpoint of control of polymerization. This Is because the 
(meth)acrylic polymer btock is preferably grown from an end of the acrylic polymer block. 

[0153] In an example of the method of polymerizing a next block in the presence of the previously synthesized 
25 polymer used as the polymeric initiator the temperature is decreased to suspend polymerization in a living state at a 
desired time of the polymerization of a first block, the monomer of the first polymer block is distilled off under reduced 
pressure, and then the monomer of a second block is added. When a third block is polymerized, the same operation 
as that for the second block may be applied: This method can avoid copolymerization of the rernaining monomer for 
the prior block during polymerization of the second block and subsequent blocks. 
30 [01 54] In this case, possible methods for block polymerization include a method (x2) in which the aery lie block is first 
polymerized, and then the methacrylic block is polymerized, and a method (y2) in which the methacrylic block is po- 
lymerized, and then the acrylic block is polymerized. However, the method (x2) in which the. acrylic block is first po- 
lymerized, and then the methacrylic block is polymerized is prefen-ed from the viewpoint of control of polymerization. 
This is because Ihe (melh) acrylic polymer block is preferably grown from the end of the acrylic polyrper block, - 
35 [0155] The method for determining the conversion rate of the acrylk; monomer, the methacrylic rnonomer, and the 
like will be described below. A gas chromatographic (GC) method and a gravimetric method can be applied to detennine 
the conversion rate. The GC method includes sampling reaction solutions from the polymerization system at the start 
of reaction and in the course of reaction, and then determining the consumption rate of the monomer from the ratio of 
the monomer to the internal standard material previously added to the polymerization system in the GC measurement,. 
40 This method is advantageous in that when plural types of monomers are present in the system, the conversion rates, 
of the monomers can be independently determined. The gravimetric method includes sampling a reaction solution from 
the polymerization system, and determining the solid content from the weights of the sample before and after drying 
to determine the conversion rate of the monomers as a whole. This method is advantageous in that the conversion 
rate can be easily determined. When plural.types of monomers are present in.the system, for example, when an acrylic 
monomer is present as a comonomer of a methacrylic monomer, the GO method between these methods is preferred. 
[0156] The reaction solution obtained by polymerization contains a mixture of a polymer and a metal complex. There-, 
iore. an organic acid having a carboxyl group or a sulfonyf group is added to the reaction solution to produce a metal 
•salt with:a metal complex, and the resulting metal complex is filtered off to remove Jhe solid content. Then, impurities 
such as acids remaining in. the solution are removed by adsorption- on baste activated aluniina, a basic adsorbent, a 
solid inorganic acid, an anion exchange resin, or a,cellulpse anion exchanger to producaan acrylic block copolymer 
.res.in solution. ..... 

[0157] The resultant polymer solution is then evaporated to remove the polymerization solvent and unreacted monr 
omers. thereby isolating the block polymer (A). As the evaporation system, a thin film evaporation system, a flash 
evaporation. system, ora.horizpntal evaporation system. with an extrusion screw can be used. Since the acrylic block 
copolymer (A) is adhesiye, the horizontal evaporation system with the extmsion screw among the above^evaporation 
systems, or a conribination with another evaporation system is effective for evaporation 

[0158] Although the method for converting a functional group being a precursor of a cartDOxyl group to the carboxyl 
group is not limited, a prefeaed method includes diluting. the block copolymer (A) having a functional group being the 
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precursor of a carboxyl group with a solvent, and then heating the solution in the presence of an acid catalyst. In this 
method, acidolysis can be performed in the absence of water, or hydrolysis can be perfonned in the presence of water. 
Any one of these reaction systenns can be selected in consideration of ease of reaction and by-products. 
[0159] Examples of the solvent usable in the reaction include hydrocarbon solvents, ether solvents, halogenated 
s hydrocarbon solvents, ketone solvents, alcohol soh/ents, nitrile solvents, ester solvents, and carbonate solvents. Ex- 
amples of the hydrocarbon solvenls include benzene and toluene. 

[01 60] Examples of the ether solvenls include diethyl ether and telrahydrofuran; examples of the halogenated hy- 
drocarbon solvents include methylene chloride and chloroform; examples of the ketone solvents include acetone, me- 
thyl ethyl ketone, and methyl isobutyl ketone; examples of the alcohol solvents include methanol, ethanoL propanol, 

10 isopropanol, n-butanol, tert-butanol; examples of the nitrile solvents include acetonitrile. propionrtrile, and benzonitrile; 
examples of the ester solvents include ethyl acetate and butyl acetate; examples of the carbonate solvents Include 
ethylene carbonate and propylene carbonate. These solvents may be used alone or in a combination of two or more. 
[0161] As the acid catalyst, an organic acid such as p-toluenesulfonic acid or benzenesulfonic acid, an inorganic 
acid such as hydrochloric acid or sulfuric acid, or a H+ ion exchange resin such as a sulfonic acid ion exchange resin 

15 can be used. When the organic acid or inorganic acid is used, the amount of the acid catalyst added is preferably 0.1 
to 20 parts by weight, and more preferably 1 to 5 parts by weight, based on 1 00 parts by weight of the block copolymer 
(A). When the H+ ion exchange resin is used, the amount of the acid catalyst added is preferably 0.1 to 20 parts by 
weight, and more preferably 1 to 10 parts by weight. 

(01 62] The heating temperature in the presence of the acid catalyst is preferably SO'^C or more, and it can be deter- 
20 mined according to the reflux temperature of the diluent solvent. When the temperature is excessively high, however, 
the (meth) acrylic ester segment other than the precursor segment of a carboxyl group may be decomposed. Thus, 
the temperature is preferably 1 60'»C or less, more preferably 140''C or less, and most preferably 80 to 140*^0. 
[0163] The block copolymer (A) produced in the present Invention is significantly improved in compression set at 
high temperatures while maintaining inherent properties of the acrylic block copolymer. For example, the block copol- 
25 ymer (A) can be suitably used for producing hoses, sheets, films, contour-extrusion molded products, various injection- 
molded products useful In the fields of packaging materials, construction and civil engineering materials, materials for 
automobile, materials for household electric appliances, and materials for other miscellaneous goods. Such products 
can be formed by molding processes for ordinary thermoplastic resins, such as injection molding, extrusion, or calen- 
dering. The block copolymer (A) can also be used as an elastomeric material, a modifier of a resin, a modifier of a 
30 rubber, a modifier of an asphalt, a base polymer of an damping agent and adhesive, and a component of a resin modifier. 

< Thermoplastic resin (B)> 

[0164] The block copolymer (A) of the present invention can be used as a composition in combination wilh a ther- 
ms moplastic resin. Examples of the thermoplastic resin (B) used for this purpose include poly(vinyl chloride) resins, pol- 
yethylene resins, polypropylene resins, cyclic olefin copolymer resins, poly(methyl methacrylate) resins, polystyrene 
resins, poly(phenylene ether) resins, polycarbonate resins, polyester resins, polyemnkie resins, polyacetal resins, poly 
(phenylene sulfide) resins, polysulfone resins, polylmide resins, polyetherimide resins, polyetherketone resins, poly- 
etheretheiketone resins, and polyamide-imide resins. These resins may be used alone or in a combination of two or 
40 more. 

<Soft material for automobile> 

[0165] The soft material for automobile of the present invention comprises the block copolymer (A) used as an es- 
^5 sential component. However, when sufficient performance cannot be achieved with only the block copolymer (A) . other 
components may be added for improving the properties such as mechanical strength, hardness, and heat resistance. 
[0166] When the thermoplastic resin (B) is added as another component, examples of the themnoplastic resin (B) 
include polyacrylic resins, poly<vinyl chloride) resins, polyethylene resins, polypropylene resins, cyclic olefin copolymer 
resins, and homopolymers or copolymers produced by polymerizing 70% by weight to 100% by weight of at least one 
50 vinyl monomer selected from the group consisting of aromatfc alkenyl compounds and vinyl cyanide compounds and 
. 0% by weight to 30% by weight of another copolymerizable vinyl monomer, such as ethylene, propylene, or vinyl 
acetate, and/or a copolymerizable diene monomer such as butadiene or isoprene. Other examples of the thermoplastic 
resin (B) include polystyrene resins. poly(pheny!ene ether) resins, mixtures of polystyrene resins and poly(phenylene 
ether) resins, polycarbonate resins, polyester resins, mixtures of polycarbonate resins and polyester resins, polyamide 
55 resins, polyacetal resins, poly{phenylene sulfide) resins, polysulfone resins, polylmide resins, poly(ether Imide) resins, 
polyethericetone resins, polyetheretherketone resins, polyamide-imide resins, and polyarylate resins. These resins may 
be used alone or in a mixture of two or more. 

[01 67] In the present invention, the themnoplastic resin is not linriited to these resins, and any of various thermoplastic 
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resins can be widely used. Astyrene elastomer, an olefin elastomer, a urethanic elastomer, a vinyl chloride elastomer 
an amide elastomer or an ester elastomer may be used as the themioplastic resin. Further examples of the thermo- 
plastic resin include graft copolymers such as methyl methacrylate-butadiene-styrene copolymers (MBS resins), such 
as KANEACE B Series and KANEACE M Series (produced by Kanaka Corporation); acrylic graft copolymers such as 
5 KANEACE FM Series (produced by Kaneka Corporation); and acryl-silicone composite rubber graft copolymers such 
as METABLEN S-2001 (produced by Mitsubishi Rayon Co., Lid.); core-shell particle lype-grafl copolymers each con- 
taining an inner layer (core) and an outer layer (shell); three-layer core-shell particle type-graft copolymers each con- 
taining a central layer an intermediate layer, and an outer layer; and salami-structure polymers. 
[0168] Among the various themrioplastic resins, the themnoplastic resin is preferably selected from the group con- 
sisting of acrylic resinssuch as poly(methyl acrylate), poly(vinylchloride): acrylonitrile-styrene copolymers, acrylonitrile- 
butadiene-styrene copolymers, methyl methacrylate-styrene copolymers, polycarbonate, methyl methacrylate-butadi- 
ene-styrene copolymers, acrylic graft copolymers, polyester resins, and polyamide resins in the view of the excellent 
compatibility with the block copolymer (A) used in the present invention, excellent impact resistance, and excellent 
mechanical properties. In the view of cost and fluidity, polyethylene resins and polypropylene resins are preferred. 
'5 [0169] In particular, polyamide resins and polyester resins are more preferred in view of the oil resistance and heat 
resistance of the resultant thennoplastic elastomer, and compatibility with the (meth)acrylic polymer (A). 
[0170] Examples of the polyamide resins include aliphatic polyamides by ring opening polymerization such as PA6 
(polycaproamide) and PA12 (polydodecaneanriide); polyamides by polycondensation polymerization such as PA66 
(poly(hexamethylene adipamide)), PA46 (poly(tetramethylene adipamide)), PA610, PA612, and PAI1 ; semi-aromatic 
polyamides such as MXD6, PA6T, PA9T, PA6T/66, PA6T/6. and amorphous PA; fully aromatic polyamides such as poly 
(p-phenylene terephthalamide), poly(m-phenylene terephthalamide), and poly(m-phenylene isophthalamide). Exam- 
ples of the polyester resins include aliphatic polyesters such as polyglycolic acid, polylactic acid, polycaprolactone, 
and poly{ethylene succinate); semi-aromatic polyesters such as poly{ethylene terephthalate), poly(trimethylene tereph- 
thalate), poly(butylene terephthalate). poly(ethylene naphthalate), poly(cyclohexanedlmethyiene terephthalate), eth- 
25 yiene terephthalate/cyclohexanedimethylene terephthalate copolymers, and thenmotropic liquid crystal polymer type 
2; fully aromatic polyesters such as amorphous polyacrylate, thermotropic liquid crystal polymer type 1 , and thermo- 
tropic liquid crystal polymer type 2. Among these polymers, from the viewpoint of cost and balance between the physical 
properties, aliphatic polyamides by ring opening polymerization such as PA6 (polycaproamide) and PAi2 (polydodeca- 
neamide); polyamides by polycondensation polymerization such as PA66 (poly(hexamethylene adipamide)), PA46 
(poly(tetramethylene adipamide)), PA610, PA612, and PA11; and semi-aromatic polyesters such as poly(ethylene 
terephthalate) and poly(butylene terephthalate) are particularty preferred. 

[0171 ] The thermoplastic resin is not limited to these resins; and these resins may be used alone or in a combination 
of two or more. 

[0172] Although the ratio of the block copolymer (A) lo the IhennoplasUc resin (B) is not particularly limited, the ratio 
by weight is preferably 10/90 to 90/10, and more preferably 15/85 to 85/15. When the ratio by; weight of the block 
copolymer (A) is low so that the ratio by weight of the thermoplastic resin (B) is excessively high, the resultant com- 
position tends to have high hardness and poor flexibility. When the ratio by weight of the block copolymer (A) is high 
so that the ratio by weight of the thermoplastic resin (B) is excessively low, the effect of improving mechanical strength 
and heat resistance tends to decrease. 

[0173] A method for compounding the block copolymer (A) and the thermoplastic resin (B) comprises adding the 
thermoplastic resin (B) to the block copolymer (A) to improve the physical properties such as the mechanical pnjperties 
and hardness. Another method comprises adding the block copolymer (A) functioning as a softening agent to the 
thermoplastic resin to improve hardness while maintaining the mechanical strength of the thennoplastic resin (B). 
[01 74] In addition to the simple compounding of the block copolymer (A) and the thennoplastic resin (B) for producing 
a composition, a dynamic treatment (dynamic vulcanization) may be performed during mixing of the block copolymer 
(A) and the thennoplastic resin (B)^ for imparting the physical properties at high temperatures and more satisfactory 
compression set to the resultant composition. . - 

[0175] The dynamic vuteanization is the technique diaveloped by W. M; .Rscher and others of Uniroyal Corp. and A. 
Yc.Coran and others of Monsanto Corp. This is a process in which a rubber is blended with a thermoplastic resin matrix, 
and then highly vulcanized with a Crosslin king agent, and finely dispersed under kneading at a temperature higher than 
the vulcanization temperature of the crosslinking agent. The composition produced by the dynamic vulcanization is in . 
a state in which a discontinuous phase of the vulcanized rubber is finely dispersed in a continuous phase of the ther- 
moplastic resin. Therefore, the composition exhibits physical properties similar to that of the crosslinked rubber, and 
permits fonming according to a forming method for the thermoplastic resin. 
55 [0176] In the present Invention, the dynamic vuteanization method is not limited, but a method utilizing ester ex- 
change, or a method utilizing Intramolecular unsaturated double bonds may be used. 

[01 77] In the present invention, the molecular weight and stmcture of the block copolymer (A) are controlled to easily 
achieve more preferred physical properties. Specifically, the block copolymer (A) of the present, invention contains the 
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(meth)acrylic polymer block (a), and thus has the tendency that the compatibility with the thermoplastic resin can be 
easily improved, and that the mechanical strength can be easily improved by reinforcement of the vulcanazed structure. 
In production by controlled polymerization, the introduction site of a crossllnkable functional group can easily be con- 
trolled, and thus the molecular weight between crosslinks, which affects the mechanical strength and elongation of the 

5 resultant composition, tends to be easily controlled. For example, a crossllnkable functional group is introduced Into 
the acrylic polymer block (b) to forni crosslinks, furthermore the compatibility with the Ihermoplastk; resin (B) can be 
improved with the (melh)acrylic polymer block (a), or the mechanical strength can be improved by reinforcement. Also, 
crosslinks are formed in the (meth)acryric polymer block (a) to secure the intended molecular weight between crosslinks, 
furthermore the compatibility with the thermoplastic resin (B) can be improved. The introduction site and crosslinking 

10 method of the crossllnkable functional group are properly selected according to the type of the thennoplastic resin 
used; and the required physical properties of the resultant composition. 

[0178] In the present invention, the dynamic vulcanization method is not particularly limited, and the method utilizing 
ester exchange, or the method utilizing intramolecular unsaturated double bonds can be used. For example^ the block 
copolymer (A) of the present invention is a (meth)acrylic polymer, and thus the dynamk: vulcanization can be performed 

15 by ester exchange reaction. 

[0179] Although not particularly limited, when the block copolymer (A) having a hydroxyl group is used, the dynamic 
vulcanization can be perfonned by a method comprising mixing the block copolymer (A) with the thermoplastic resin 
(B). adding an ester exchange catalyst under melt kneading to produce an alcohol component by ester exchange 
reaction, then evaporating or removing the alcohol component to promote a vuteanization reaction, 

20 [0180] When the block copolynner (A) not having a hydroxyl group Is used, the dynamic vulcanization can be per- 
formed by the same ester exchange reaction as that for the block copolymer (A) having a hydroxyl group except that 
a hydroxyl-contalning compound with divalency or higher valency is used as the crosslinking agent. As a result, a soft 
material for automobile comprising the vulcanized block copolymer (A) can be produced. 

[0181] A preferred method for introducing a hydroxyl group into the block copolymer (A) comprises direct polymer- 
25 ization of a monomer having a hydroxyl group. Preferred examples of the monomer having a hydroxyl group include 
2-hydroxyethyl methacrylate. 2-hydroxypropyl methacrylate, 4-hydroxybutyl methacrylate, 2-hydroxyethyl acrylate, 
2-hydroxypropyl acrylate, and A-hydroxybutyl acrylate. From the viewpoint of cost and availability, 2-hydroxyethyl meth- 
acrylate and 2-hydroxyethyl acrylate are more preferred. 

[0182] As the (meth)acrylic ester monomer constituting the block copolymer (A), any of the above-described exam- 
30 pies of the methacrylic ester constituting the (meth)acfylic polymer block (a) can be used. The methacrylic esters can 
be used alone or In a combination of two or more. In particular, a (meth)acrylic ester monomer whk:h produces an 
alcohol having a boiling point of 20^0 or less, preferably 150'C or less, is preferred because the ateohol component 
produced by ester exchange is evaporated or removed to promote vulcanization. Among these methacrylte esters, 
methyl methacrylate and lert-bulyl methacrylate are preferred from the viewpoint of compatibility with the thermoplastic 
35 resin (B) used, availability, and ester exchange reactivity. As the acrylic estermonomer constituting the block copolymer 
(A), any of the above-described examples of the acrylic ester constituting the acrylic polymer block (b) can be used. 
The acrylic esters can be used alone or in a combination of two or more. In particular, an acrylic ester monomer which 
produces an alcohol having a boiling point of 200**C or less, preferably ISO'^C or less, is preferred because the alcohol 
component produced by ester exchange is evaporated or removed to promote vulcanization. Among these acrylic 
40 esters, ethyl acrylate, 2-methoxy ethyl acrylate, n-butyl acrylate, and tert-butyl acrylate are preferred from the viewpoint 
* of the rubber elasticity of the resultant vulcanized product, availability, and ester exchange reactivity. 

[01 83] A monomer having high ester exchange reactivity can be used as a constituent monomer of the block copol- 
ymer (A), and polymerized to be contained in the block copolymer (A), thereby permitting selective vuteanization by 
utilizing a difference between the reaction rates of ester exchange reaction. 
45 [0184] In the dynamic vuteanization, the amount of the thermoplastic resin compounded is preferably 5 parte by 
weight to 150 parts by weight, and more preferably 10 parts by weight to 100 parts by weight, based on 1 00 parts by 
weight of the (meth) acrylic polymer (A), When the amount of the thermoplastic resin compounded is more than 150 
parts by weight, the compression set and rubber elasticity of the resultant thermoplastic elastomer tend to deteriorate. 
When the amount of the thermoplastic resin compounded is less than 5 parts by weight, the processablity and me- 
50 chanical strength of the resultant thermoplastc elastomer tend to decrease. In the dynamic vuteanizalion by ester 
exchange reactk>n. it is preferable to use a themnoplastk: resin having substantially no ester exchange reactivity with 
a compound having a hydr^oxyl group in the presence of the ester exchange catalyst from the viewpoint of compression 
set and rubber elasticity. 

[01 85] In order to produce a polyester such as poly(ethylene terephthalate), poly(butylene terephthalate), or unsatu- 
55 rated polyester, a polymerization catalyst or ester exchange catalyst usually used in this industrial field may be used 
as the ester exchange catalyst. The catalyst is not partk:ularly limited. Examples of the catalyst include alkali earth 
metal hydroxides such as lithium hydroxide and cateium hydroxide; alkali earth metal salte, quatemary ammonium 
salts, and alkali metal salts of boron and aluminum hydrides such as lithium aluminum hydride, sodium borohydride. 
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andtetramethylammonium borohydride; alkali metal and alkali earth metal hydrides such as lithium hydride and calcium 
hydride; alkali metal and alkali earth metal alkoxides such as lithium methoxide and calcium methoxide; alkali metal 
and alkali earth metal aryloxides such as lithium phenoxide.. magnesium phen oxide, and NaO-Ar-ONa (Ar is an aryl 
group); alkali metal and alkali earth metal organk: acid saits such as calcium acetate and sodium benzoate: zinc com- 

5 pounds such as zinc oxide and zinc phenoxide; boron compounds such as boron oxide, boric acid, sodium borate, 
Irimelhyl borate, Iributyl borate, and Iriphenyl borate; silicon compounds such as silicon oxide, sodium silicate, letraalkyi 
silane, and telraaryl silane; germanium compounds such as germanium oxide, germanium letrachloride, and germa- 
nium ethoxide; tin oxide; organotin compounds, for example, dialkyltin oxide, dialkyltin carboxylate, and tin compounds 
having alkoxy groups or aryloxy groups such as ethyltin tributoxide; lead compounds such as lead oxide, lead acetate, 

10 lead carbonate, basic lead carbonate, alkoxides of lead or organolead, and aryloxides of lead or organolead; onium 
compounds such as quatemary ammonium salts, quaternary phosphonium salts, quatemary arsonium salts; antimony 
compounds such as antimony oxide; manganese compounds such as manganese acetate; titanium compounds such 
as titanium oxide and titanium alkoxides; and zirconium compounds such as zirconium acetate, zirconium alkoxides, 
and zirconium acetylacetone. These catalysts can be used alone or in a combination of two or more. Among these 

15 compounds, the titanium compounds, the tin compounds, the antimony compounds, the zirconium compounds, and 
the zinc compounds are preferred from the viewpoint of reactivity, and the titanium compounds are more preferred 
from the viewpoint of control of reactivity. 

[0186] The amount of the catalyst used may be appropriately detemiined. For example, the amount of the catalyst 
is preferably 0.00001 to 0.01 part, and more preferably 0.00005 to 0.001 part., based on this amount of the (meth)acrylic 
20 polymer (A). 

[0187] The hydroxyl-containing compounds with divalency or higher valency are not particularly limited. Examples 
of such compounds Include divalent hydroxyl-containing compounds such as ethylene glycol, 1 ,3-propanediol, and 
triethylene glycol; trivalent hydroxyl-containing compounds such as 1 ,2,6-trihexanetriol and glycerin; tetravalent hy- 
droxyl-containing compounds such as pentaerythritol and diglycerin; polyvalent hydroxyl-containing compounds such 

25 as sorbitol, polyglycerin, and polyvinyl alcohoL Among these compounds, aliphatic compounds having a boiling point 
of at least 100°C are preferred, and aliphatic compounds having a boiling point of at least 150°C are more preferred 
from the viewpoint of handling in reaction and availability. From the viewpoint of ester exchange reactivity, secondary 
alcohols are preferred, and primary alcohols are more preferred. Furthermore, compounds having excellent compati- 
bility with the (meth)acrylic polymer (A) are preferably used. These compounds can be used alone or in a combination 

30 of two or more. The valency of the hydroxyl grouja used may be properly selected from the viewpoint of balance between 
the hardness and mechanical properties of the resulting soft material for automobile. 

[0188] The hydroxyl-containing compound may be properly determined according to balance between the.hardness 
and mechanical properties, and compression set of the resulting soft material for automobile. For example, the amount 
of the hydroxyl-containing compound is preferably 0,1 to 200 parts by weight, and more preferably 1 .0 to 150 parts by 
35 weight, based on 100 parts by weight of the (meth)acfylic polymer (A). When the amount of the hydroxyl-containing 
compound compounded exceeds 200 parts by weight, the balance between the hardness and mechanical strength of 
the resultant composition tends to be lost. 

[0189] In order to produce the soft material for automobile of the present invention, a phosphorus compound is 
preferably used along with the ester exchange catalyst for further improving the heat resistance of the resulting ther- 

^ moplastic elastomer composition, inactivating the catalyst used in the ester exchange reaction and improving the com- 
pression set of the resulting thermoplastk: elastomer composition. Although the phosphorus compound is not particu- 
larly limited, for example, phosphoric acid, phosphorous acid, hypophosphorous acid, pyrophosphoric acid, polyphos- 
phoricacid, a phosphoric ester, or a phosphorous ester may be used as the phosphorus corripound. These phosphorus 
compounds may be used alone or in a combination of two or more. Among these phosphorus compounds, a phospho- 

^ reus ester is preferred from the viewpoint of heat resistance of the resultant thennoplastic elastonrier composition. 
[0190] The phosphorus compound is added for inactivating the catalyst used In the ester exchange reaction, and it 
can be added in any desired stage. However, the phosphorus compound is preferably added in the stage In which the 
ester exchange reaction Is substantially completed or any subsequent stage: ' 

[0191] In the dynamic vulcanization method utilizing intramolecular unsaturated double bonds, the block copolymer 
so (A) having intramolecular unsaturated double bonds and the thermoplastic resin (B) are compounded, and then dy- 
namically treated with a general rubber crosslinking agent to valcanize the block copolymer (A). In this method, the 
block copolymer (A) must have unsaturated double bonds in its main chain or side chains. Although the method for 
introducing unsaturated double bonds into the block copolymer (A) is not particulariy limited: the unsaturated double 
bonds can be introduced by copolymerization of a compound having both a polymerizable alkenyl group and at least 
55 another alkenyl group during polymerization for the block copolymer (A), or by modifying the block copolymer (A) with 
a compound having an unsaturated double bond. 

[0192] The compound having both a polymerizable alkenyl group and at least one other alkenyl group is not partic- 
ulariy limited. Examples of such a compound include compounds represented by the following formulae (1) and (2): 
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H2C=C(R^)-R^R^<:(R*) =CH2 (1) 

(Wherein R^s are each a hydrogen atom or a methyl group, and may be the same or different; RS is -C(0) O- (ester 
group) or o-. m-, or p-phenylene group; and is a direct bond or a divalent organic group having 1 to 20 carbon atoms 
which may have at least one ether bond); and 



H2C=C(R^)-R®-C(R®) =CH2 (2) 

(wherein R^ and R9 are each a hydrogen atom or a methyl group, and may be the same or different, RS is a direct bond 
or a divalent organic group having 1 to 20 carbon atoms which may have at least one ether bond). 
[0193] Examples of the R^ in formula (1) include alkylene groups such as methylene, ethylene, and propylene; o-, 
m-, and p-phenylene groups; aralkyi groups such as a benzyl group; and alkylene groups containing an ether bond 
such as - CH2CH2-O-CH2- and -O-CHg-. , ' 

£01 94] Among the compounds represented by formulae (1 ) and (2). the following compounds are prefen-ed in view 
of availability and ease of polymerization control: 



H2C=C (H) C (O) O (CH2)„-CH=CH2 

and 



H2C-C (CH3) C (O) O (CH2) n-CH-CHg 

(wherein n is an integer of 0 to 20); 



HgC^C (H) C (O) O (CH2)n-0-(CH2)„CH=CH2 

and 

H2C=C (CH3) C (O) O (CH2)„-0-(CH2)„CH=CH2 

(wherein n is an integer of 1 to 20, and m is an integer of O to 20); and 

0-, m-, p-divinylbenzene, 

0-, m-. p-H2C=CH-C6H4-CH2CH=CH2, 

0-. m-, P-H2C-CH-C6H4-CH2-C (CH3) =CH2, 

m-, P-H2C-CH-C6H4-CH2CH2CH-CH2, 
0-, m-, p-HaC^CH-CgH^-OCHgCH^CHg, 
0-, m>, p-H2C=CH>C6H4-0CH2-C {CH3) ^CHg, 
0-. m-. p-H2C=CH-C6H4.0CH2CH2CH=CH2. 
0-, m-. p-H2C=C (CH3) -C6H4.C (CH3) =CH2. 
0-. m-. p.H2C=C (CH3) TCeH4-CH2CH=rCH2. 
0-. m-. p-H2C=C (CH3) -CeH4 -CH2C (CH3) =CH2. 
0-, m-. P-H2C=C(CH3)-C6H4-CH2CH2CH=CH2. 
0-, m-. p-H2C=C (CH3) -CeH4-OCH2CH=CH2. 

0-. m-. p-H2C=C (CH3) -CeH4-OCH2-C (CH3) =CH2. and o-. m-, p-H2C=C (CH3) -CeH4-OCH2CH2CH=CH2 
(wherein C2H4 represents a phenyleoe group). 
The following compounds are more preferred: 

HgC^C (H) C (O) O (CHg) n-CH=CH2 

and 
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H2C=C (CH3) C (O) O (CH2)„-CH=CH2 

(Wherein n is an integer of 0 to 20). 
5 [0195] The method of nnodifying the bloclc copolymer (A) with a compound having an unsaturated double bond is 
not particularly limited. For example, an unsaturated double bond can be introduced by ester exchange reaction be- 
tween the (melh)acrylic ester or the block copolymer (A) and a compound having an unsaturated double bond and a 
hydroxyl group in its molecule, such as allyl alcohol. 

[0196] The unsaturated double bond may be contained in both or one of the (meth)acrylic polymer block (a) and the 
10 acrylic polymer block (b), but the unsaturated double bond is preferably contained in one of the (meth) acrylic polymer 
block (a) and the acrylic polymer block (b) from the viewpoint of compatibility with the themioplastic resin (B) and the 
physical properties of the resulting composition. 

[0197] For example, the unsaturated double bond is introduced into the acrylic polymer block (b) for forming 
crosslinks, furthennore compatibility with the thermoplastic resin (B) can be improved by the (nneth)acrylic polymer 
15 block (a), and the mechanteal strength can be improved by reinforcement. Altematively, the unsaturated double bond 
is introduced into the (meth)acrylic polymer block (a) to secure the intended molecular weight between crosslinks, 
furthermore compatibility with the thennoplastk; resin (B) can be improved. 

[0198] As the crosslinking agent, a general rubber crossi in king agent (crosslinking agent) can be used. Examples 
of the crosslinking agent include sulfur-based crosslinking agents such as powdery sulfur, precipitated sulfur, highly 

20 dispersible sulfur, surface-treated sulfur, insoluble sulfuir, dimorpholine disulfide, and alkylphenol disulfide. Examples 
of an organic peroxide crosslinking agent include benzoyl peroxide, tert-butyl hydroperoxide, 2,4-dichlorobenzoyl per- 
oxide, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, and 2,5-dimethylhexane-2,5-di(peroxylbenzoate). 
[01 99] When the organic peroxide crosslinking agent is used, a polyfunctional vinyl monomer such as divinylbenzene, 
or a polyfunctional methacrylate monomer such as ethylene glycol dimethacrylate or diethylene glycol dim eth aery late 

25 may be added as a vulcanization auxiliary agent according to demand. With the vulcanization auxiliary agent, homo- 
geneous and effective vulcanization can be expected. 

[0200] If required, a vulcanization accelerator may be added. As the vulcanization accelerator, a general vulcanization 
accelerator such as an aldehyde-ammonia type, a guanidine type, a thiazole type, a sulphenamlde type, a thiuram 
type, a dithioic salt type, or a thiourea type may be used. A general auxiliary agent for rubber can also be used as an 
30 auxiliary agent of vulcanizatfon accelerator. For exarnple,= zinc white, stearic acid, oleic acid, or any of Zn salts thereof 
may be used as the auxiliary agent of vulcanization accelerator. 

[0201] In the present Invention, the required crosslinking agent may be properly selected according to the dynamic 
crosslinking conditions (temperature and time), and the physical properties of the resulting themioplastic el^tomer. 
When the resulting thermoplastic elastomer is required to have heal resistance, the organic peroxide crosslinking agent 
35 is preferably used. 

[0202] The polymer composition constituting the soft material for automobiie of the present invention m^y contain 
at least one additive in addition to the block copolymer (A) according to demand, for controlling the physical properties 
within a range which causes no decrease in the effect of the present invention. Examples of the additive other than 
the themnoplastic resin (B) include other rubber polymers (C), a tackifier{D), a stabilizer (E), a flexibilizer(F), alubricant 
^ (G), a flame retardant (H), a pigment (1), a filler (J), a release agent (K), an antistatic agent (L), and an antibacterial- 
> antifungal agent (M); These additives may be property selected according to the purpose of use of the soft material 
for automobile. 

[0203] Examples of other rubber polymers (C) include compounds such as styrene-butadiene rubber (SBR), buta- 
diene rubber (BR), isoprene rubber (IR), ethylene-propylene copolymer rubber (ERM), ethylene-propylene-diene co- 

^ polymer rubber (EPDN/I), acrylonitrile-butadiene copolymer rubber (NBR), chloroprene mbber. butyl rubber (IIR), ure-. 
thane rubber, silicone rubber, polysulfide rubber, hydroxynitrile rubber, fluororubber, tetrafluoroethylene-propylene rub- 
ber, tetrafluoroethylene-propylene-vinylidene fluoride rubber, acryifc rubber (ACM), chlorosulfonated polyethylene rub- 
ber, epichlorohydrin rubber (CO), ethylene acrylic rubber, and norbomene rubber. However, the rubber polymer (C) is 
not limited to these compounds. These compounds may be used alone or in a combination of two or more. 

50 [0204] Examples of the tackifiler (D) include compounds such as TAGKROL 1 01 (produced by Taoka Chemical Co., 
Ltd.), HITANOL 1501 (produced by Hitachi Chemical Co., Ltd.), phenolic resinSi modified phenolic resins, modified 
alkylphenol-fomialdehyde resins; cydopentadiene-phenol resins, xylene resins, cumarone resins, petrbleum resins, 
terpene resins, terpene phenol resins, rosin ester resins, and HITANOL 5501 (produced by Hitachi Chemical Co., Ltd.), 
However, the tackifiler is not limited to these compounds. The compoijnds may be used alone or in a combination of 

55 two or more. 

[0205]. Although examples of the stabilizer (E) include compounds such as triphenyl phosphite, hindered phenols, 
and dibutyltin maleate, the stabilizer (E) is not limited to these compounds. These compounds may be used alone or 
in a combination of two or more. 
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[0206] Examples of the flexibilizer (F) include compounds such as plasticlzefB nomrially added to themioplastic resins 
and rubber; softening agents such as process oil; oligomers; oils such as animal oil and vegetable oil; petroleum 
fractions such as kerosene, light oil, heavy oil, and naphtha. However, the flexibilizer (F) is not limited to these com- 
pounds. Examples of the softening agent include process oil, specifically petroleum process oil such as paraffinic oil, 
5 naphthenic process oil, and aromatic process oil. Examples of the plasticizer include phthalic acid derivatives such as 
dimethyl phthalale. diethyl phthalale. di-n-bulyl phthalale, di-(2-elhylhexyl) phlhalate. diheplyl phlhalale, diisodecyl 
phlhalale, di-n-oclyl phlhalale, diisononyl phthalale, dilridecyl phthalale, odyldecyl phlhalale, and bulylbenzyl phlha- 
late, dicyclohexyl phthalale; isophthalic acid derivatives such as dimethyl isophthalate; tetrahydrophthalic acid deriv-; 
atives such as di-(2-ethylhexyl) tetrahydrophthalate; adipic acid derivatives such as dimethyl adipate, dibutyi adipate, 

10 di-n-hexyl adipate, di-(2-ethylhexyl) adipate, isononyl adipate, diisodecyl adipate, and dibutyi digiycol adipate; azelaic 
acid derivatives such as di-2-ethylhexyl azelate; sebacic acid derivatives such as dibutyi sebacate; dodecane-2-acid 
derivatives; maleicacid derivatives such as dibutyi maleate and di'2-ethylhexyl maleate; fumaric acid derivatives such 
as dibutyi fumarate; p-oxybenzoic acid derivatives such as 2-ethylhexyl p-oxybenzoate; trimellitic acid derivatives such 
as tris-2-ethylhexyl trimellitate; pyromellitlc acid derivatives; citric acid derivatives such as acetyltributyl citrate; itaconic 

15 acid derivatives; oleic acid derivatives; ricinoleic add derivatives; stearic acid derivatives; other fatty acid derivatives; 
sulfonic acid derivatives; phosphoric acid derivatives; glutaric acid derivatives; polyester plasticizers composed of a 
polymer of a dibasic acid such as adipic acid, azelaic acid, or phthalic acid with a glycol and a monohydric alcohol; 
glycol derivatives, glycerin derivatives; paraffin derivatives such as chlorinated paraffin; epoxy derivative; polyester 
polymeric plasticizers; polyether polymeric plasticizers; carbonate derivatives such as ethylene carbonate and propyl- 

20 ene cartjonate; sulfonamide derivatives such as N-butylbenzene sulfonamide, N-ethyltoluene sulfonamide, and N- 
cyclohexyltoluene sulfonamide; and vinyl polymers such as acrylic plasticizers produced by various methods for po- 
lymerizing vinyl monomers. In the present invention, the plasticizer is not limited to these compounds, and any one of 
various plasticizers can be used. Commercially available plasticizers widely used for rubber or thennoplastic resins 
can also be used. Examples of commercially available plasticizers include Thiokol TP (produced by Morton Co., Ltd.), 

25 Adekacizers O-i30P, C-79. UL-100, P-200, and RS-735 (produced by Asahi Denka Kogyo K.K.), Sansocizer N-400 
(produced by New Japan Chemical Co., Ltd.), BM-4 (produced by Daihachi Chemical Industry Co., Ltd.), EHPB (pro- 
duced by Ueno Seiyaku K.K.), and UP-1000 (produced by Toagosei Co., Ltd.). Examples of vegetable oils include 
castor oil, cottonseed oil, linseed oil, rapeseed oil, soybean oil, palm oil, coconut oil, peanut oil, pine oil, and tall oil. 
[0207] Among these plasticizers, a plasticizer having excellent affinity for the block copolymer (A) is preferably used. 

30 Although not particularty limited, plasticizers having low volatility and a small heating loss Is more preferably used. 
Examples of such plasttoizers include adipic acid derwatives, phthalic acid derivatives, glutaric acid derivatives, trim- 
ellitic acid derivatives, pyromeliitic acid derivatives, polyester plasticizers, glycerin derivatives, epoxy derivative, poly- 
ester polymeric plasticizers, polyether polymeric plasticizers, and polymeric plasticizers, for example vinyl polymers 
such as acrylic plasticizers produced by various methods for polymerizing vinyl monomers. These flexibilizer may be 

35 used alone or in a combination of two or more, 

[0208] Although the amount of the plasticizer used is not limited, the amount is preferably 5 to 300 parts by weight, 
more preferably 1 0 to 200 parts by weight, and most preferably 20 to 1 50 parts by weight, based on 1 00 parts by weight 
of the block copolymer (A). When the amount of the plastteizer is less than 5 parts by weight, the effect of the plasticizer 
is not recognized. When the amount exceeds 300 parts by weight, the resulting composition has low mechanical 

40 strength. 

[0209] Examples of the lubricant (G) include compounds such as polyethylene wax, polypropylene wax, andmontanic 
wax. However, the lubricant (G) is not limited to these compounds, and these lubricants may be used alone or in a 
combination of two or more. 

[0210] Example of the flame retardant (H) include compounds such as triphenyl phosphate, tricresyl phosphate, 
45 decabromobiphenyl, decabromobiphenyl ether, and antimony trioxide. However, the flame retardant (H) is not limited 
to these compounds, and these compounds may be used alone or in a combination of two or more. 
[021 1 ] Examples of the pigment (I) include compounds such as titanium oxide, zinc sulfide, and zinc oxide. However, 
the pigment (I) is not limited to these compounds, and these compounds may be used alone or in a combination of 
twio or more. 

50 [021 2] Examples of the filler (J) Include compounds such as carbon black, glass fiber, metal fiber, potassium titanate 
whisker, asbestos, wollastonite, mica, talc, calcium cart^onate, glass flake, milled fiber, and metal powder. However, 
the filler (J) is not limited to these compounds, and these, compounds may be used alone or in a combination of two 
or more. 

[0213] When a polymer composition is used for producing the soft material for automobile of the present invention, 
55 the method for compounding the polymer composition and producing the soft material is not particularty Bmited. A 
known usable method comprises mechanically mixing raw materials by a known apparatus such as a Banbury mixer, 
a roll mill, a single-screw extruder, a twin-screw extruder, or a kneader, and then pelletizing the resulting mixture. The 
kneading temperature is preferably controlled according to the melting temperature and the like of the block copolymer 
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(A) used. For example, the soft material can be produced by melt-kneading at 130 to 300^C. 

[0214] In the above-described dynamic processing, various apparatuses pemiitting heating and kneading simuita- 
neously can be used. Examples of the apparatuses Include a Banbury mixer, a kneader, a single-screw extruder, and 
a multi-screw extruder, which are ordinarily used for rubber processing. 

[021 5] The soft material for automobile can be fomned by molding the polymer composition using any desired molding 
method such as extrusion, compression molding, blow molding, calendering, vacuum forming, injection molding, foam- 
ing, powder slush molding, or injection blowing. The soft material for automobile is preferably formed by injection 
molding from the viewpoint of forming simplicity. A hollow molded product having a uniform thickness can be produced 
by injection molding. For a molding for automobile, an exterior member for auton^bile is preferably formed by contour 
extrusion from the viewpoint of forming simplicity. 

[021 6] The soft material for automobile of the present invention can be used for interior members of automobile such 
as skins (switch skins, instrument panel skins, crash pad skins, door trim skins, dashboard skins, sheet skins, headrest 
skins, armrest skins, steering wheel covers, and air bag outer covers), shift lever knobs, sheet cushions, arm rests, 
head rests, assist grips, switches, door trims, ceiling materials, center pillar covers, rear partitions, welt body sides, 
dash panel pads, side protectors, suri visor materials, front sheets, back panels, rean/iew mirror frames, floor matSi 
composite materials for doors, sheet rails, instrument panels, glove compartments, console boxes; pads, sound-proof 
materials, and vibration-proof rriaterials; and exterior riiembers for automobile such ias glass runs, window moldings, 
side moldings, trunk seals, glass channels, wiper blades, weather strips, washer hoses, soft tops, water-proof films, 
slide rails, door seaming welts, engine covers, oil seals. O-rings, gaskets, sound-proof materials, and vibration-proof 
materials. 

[0217] Since the soft material for automobile of the present invention has excellent formability, the soft material can 
be applied to two-color injection nnolding using any type of various base materials. As the base material for tWo-^color 
injection molding of the soft material for autonrK>bile, conventional various base riiaterials composed of thermoplastic 
resins can be used. In particular, for an inner layer material for automobile, poly(vinyl chloride), polypropylene, poly 
(ethylene terephthalate), or polyacetal is often used from the viewpoint of processability and cost. Other base materials 
such as thermosetting resins, isteel sheets, wood, paper, and leather can also be used bonding with an adhesive agent 
because these materials have excellent adhesiveness. 

[0218] Also, the soft material for automobile of the present invention has high flexibility, excellent formability and 
excellent fundamental mechanfcal properties. Consequently, the soft material for automobile can bis used as a new 
hollow molded product material for automobile which is improved with respect to the disadvantages of conventional 
materials such as chloroprene and thermoplastic polyester elastomers. 

[0219] Examples of the hollow molded products for automobile include hollow molded boots for automobile such as 
a constant velocity joint boot, a strut boot, a rack and jsinlon boot, a brake booster boot, a steering ball joint boot.'^hd 
a suspension ball join! boot; and hollow molded hoses for automobile, such as a washer hose, an air intake hose, an 
ABS hose, an air brake hose, ah oil suspension hose, an oil cooler hose, an ATS hose, a brake hose, a' power steering 
hose, a car air conditioning hose, and a vacuum brake hose. 

■ [0220] Although the present invention will be described in further detail below with reference to examples, the present 
invention is not limited to these examples. 

[0221] In the examples, EA, BA, MEA, MMA, TBMA, HEMA, and HEA represent ethyl acrylate. n-butyl acrylate. 
2-methoxyethyl acrylate, methyl methaciylate, tert-butyl methaciylate, 2-hydroxyethyl methacrylate. and 2-hydrdic>fd- 
thyl acrylate, respectively. 

<Measurement meth6ds> 

(Molecular weight) 

[0222] The 'molecular weight of the block copolymer was measured by a GPC analyzer (system: GPC system pro- 
duced by Waters Gorporation, column: Shodex K-804 (pblystyrene gel) produced by Showa Dehko-K.K.). The molecular 
weight was determined in tenris of polystyrene usin^ chloral - ■ 

(Analysis of acid conversion) 

[0223] A decomposition reaction of the block copolymer into carboxyl groups was confinmed by infrared spectroscopy 
(using Fn"lR-81 GO produced by Shimadzu Corporation) and nuclear magnetic resonance analysis (using AM400 pro- 
duced by BRUKER Corporation). With respect to the solvent for nuclear riiiagnetic resonance analysis, a carboxylate 
ester structure block was analyzed by using deuterochlorof omi as the measurement solvent , and a cariDoxyl-containing 
block was analyzed using deuteromethanoi as the nieasurernent solvent. - 
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(Thermogravimetric analysis) 

^^^L^JlTf f ^°':'P^«^" resistance of the block copolymer was measured by a themial and differential 
^ ma^t?ri 0 tr/min H ' ""'""^ ^''^"''"""^ SHIMADZU Corporation). Measurement was conducted at a heat- 
ing rate of 10.0 C/min under a nitrogen stream at a flow rate of 50.0 ml/min. The 5%-weight-loss temperature was 
measured by the thermogravimetric analysis based on the weight al 1 00°C. . lemperature was 

(Hardness) 

»o [0225] Hardness at 23«C (initial value according to JIS A) was measured according to JIS K6253. However when 
a hardness measured by a type A durometer exceeded 90, the hardness was measured by a type D durometer (JIS D). 

(Mechanical strength) 

?^LJ,1^1^^^ ^^r^ ^^-^ measured with Autograph model AG-1 0TB produced by SHIMADZU 

Coiporahon aa»rd.ng to the method described in JIS K7113. Measurement was conducted with n=3 and averaaes 
o s^ngth (MPa) and elongation (%) at breakage of a test piece were detemiined. The test piece a sh^ e X 
2(1/3) having a thickness of about 2 mm. Also, measurement was conducted at 23»C and at a test rie of^So mm/ 

- sci^sJio; 4rh\:r:riTrr' ^ •^""^^^^ ^^-^ « ^^^^^ ^^^-^^^ 

(Compression set) 

andtrw^'n"? • ^ -^Pl- was held at 70»C for 22 hours at a compression rate of 

25 /o and allowed o stand at room temperature for 30 minutes. Then, the thickness of the sample was measured to 

rorLrportorrre^^^^^^ 

<Block copolymer> 
Example 1 

Synthesis and converting functional group of TBMA-b-BA-b-TBMA block copolymer (a) 

TfnLTZ^^S^J'?°^T '^"f^^'^^ P^^'^^^i'^g TBMA-b-BA-b-TBMA block copolymer (a). After the 
arr in a 2 L separable flask used as a polymerization reactor was replaced with nitrogen. 4.50 g (31 .3 mmol of copper 

SeS r^l i 51 ml RA • '-^^ 9 °f '^'^^^y 2.5-dibromoadipate as the initiator and 

360 nnl (2.51 mol) o BA were added to the mixture. After stimng under heating at 85-C. 0.66 ml (3.1 4 mmol) of dieth- 
ylenetnamme as a ligand was added to the resultant mixture to initiate polymerization 

c^t.^?ZllS^T^''?" '"'l^'*''' ^^<^P^^^ Tom the polymerization solution at 

predetemi.nedt.me intervals, and each sampled solution was subjected to gas chromatographic analysis to determine 
the conversK>n rate of BA. The polymerization rate was controlled by adding the triamine as occasion demands At a 
!f rrr? °' ^^I- --'^^ °' ^BMA, 3. 1 1 g 01 .3 mmoD Of copper chloride. 0.66 mfST4 mmlS 

IIT^ '^^''■^t::' °' ^""'^"'"^ '""'^ "^'^ ^''^ to the reaction solution. SimilaJ^^S 

conve^ion rate of TBMA was detemiined. At a TBMA conversion rate of 67% and a BA conversion rate of 9:S^^520 

Sto t^/r^r f ? h".*^ *- °' ^"'^ ^ 9 of p-toluenesulfonic acid monohydrate was 

r^^imlt n, , Xy^^^^d 500SH (produced by Kyowa Chemical K.K.) was added to the 

wifh Sf^^r solution followed by further stirring at room temperature for 3 hours. The adsort>ent was filtered o? 

and residual monomers and produce the target bkxsk copolymer (a) 

S ^H.^IS "lock copolymer (a) showed a number-average molecular weight Mn of 

95.500, and a molecular weight distribution Mw/Mn of 1.44. » 

to.^nlc.Sr *'""^^ "^^""^^ copolymer (a) was dissolved in 1 .0 L of toluene, and 3.0 g of p- 

Satin^n «n , '^^ ^^=""^'"9 resultant mixture was stir,^ under 

heating in an oilbathat120»Cfor3hours to covertatert-butyl ester segment toacarboxyl group. The reacBonsoZo^^^ 
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was diluted wrth methanol, and 2.0 g of Kyoward 500SH was added to the solution, followed by stirring. Then, the 
adsorbent was filtered off, and the residue was dried under vacuum at 80°C to produce the target carboxyl -containing 
block copolymer (b). The conversion of a tert-butyl ester segment to a carboxyl group was confinmed by IR (infrared 
absorption spectrum) and "^ac-NMR (nuclear magnetic resonance spectrum). Nahfiely, the conversion couid be con- 

s firmed by IR analysis in which a broad absorption spectrum due to a carboxyl group was observed at about 3400 to 
3000 cm-1 after the conversion. Also, the conversion could be confirmed by ^^C-NMR analysis in which signals al 82 
ppm and 28 ppm due to melhine carbon and melhyl carbon, respectively, of a lert-bulyl group disappeared after the 
conversion. The content of a carboxyl-containing monomer introduced in the resultant block copolymer (b) was 21 .8% 
by weight. The content of the carboxyl-containing monomer introduced was calculated from the ratio of the monomer 

10 charged and the conversion rate because tert-butyl methacrylate was converted to methacrylic acid. 

[0233] As a result of thermbgravimetrk; analysis of the carboxyl-containing block copolymer (b),.the STo-weight-^lods 
temperature was 31 S^C. 

Example 2 ' 

Synthesis and functional group conversion of (MMA-co-TBMA)-b-BA-b-(MMA-co-TBMA) block copolymer (c) 

[0234] In a 5 L separable flask, 5.65 g (15.7 mmol) of diethyl 2.5-dibromoadipate and 900 ml (6.28 mo!) of BA were 
charged and subjected to polymerization. At a BA conversion rate of 95%, 234 ml (1 .44 mol) of TBMA and 154 ml 
20 (1 .44 mol) of MMA were added to the reaction solution. At a TBMA conversion rate of 89% and an MMA conversion 
rate of 84%, the reaction was tenninated. Then, the sarhe operation as that for producing the block coj3o!ymer'(a) in 
Example 1 was perfomied to produce the target block copolymer (c). " 

[0235] The GPG analysis of the resultant block copolymer (c) showed a number-average molecular weight Mri of 
113,600, and a molecular weight'distribution lVlw/Mn of 1 .44. 
25 [0236] The functronal groups of the block copolymer (c) were converted by the same method as in Example 1 to 
synthesize a carboxyl-containing block copolymer (d). As a result of themiogravimetric analysis of the carbo'xyl^on- 
taining block copolymer (d), the 5%-weight-loss temperature was 342^0. The content of the carboxyl-containing mon- 
omer introduced in the resultant block copolymer (d) was 14.7% by weight. 

30 Example 3 



Synthesis and functional group conversion of (MMA-co-TBMA)-b-(BA-co-EA-co-MEA)-b-(MMA-co-TBMA) block 
copolymer (e) . ^ 

[0237] In a 5 L separable flask, 5.89 g (16.4 mmol) of diethyl 2,5-dibromoadipate, 362 ml (2.52 mol) of BA, 344 ml 
(3.17 mol) of EA, and 195 ml (1.51 mol) of MEA were charged and subject^ to polymerization. At a BA conversion 
rate of 95%, an EA conversion rate of 95%, and an MEA conversion rate of 97%; 158 ml (0.97 riidl) of TBMA and 41 8 
ml (3.91 moi) of MMA were added to the reaction solution. At a TBMA conversion rate of 64%, and an MMA conversion 
rate of 59%, the reaction was terminated. Then, the same operation as that for producing the block copolymer (a) in 
Example 1 was performed to produce the target block copolymer (e). ' 

[0238] The GPC analysis of the resultant block copolyrher (e) showied a number-average molecular weight Mn of 
.111,000, and a molecular weight distribution Mw/Mn^of 1.47. ' ■ 

[0239] The fiinctfonal groups of the block copolymer (e) were converted by the same method as in'Exanhiple 1 to ' 
synthesize a cafboxyf-bontainifig bld^^^ (f). As a result' of therrriogravimetric analysis of the carbdxyl-con- 

tainlng block cbpolymer (0, the 5%-weight-loss temperature wa^ 333*C. The content of the" carbbS<yl-contalning mon- 
omer introduced in the Tesultaritbidc^^^ ' 

Example 4 



Synthesis and functional group conversion of TBMA-b-(BA-co-EA-co-MEA)-b-TBMA block copolymer (g) 

[0240] After the air in a 500 ml separable flask used as a polymerization reactor was replaced with nitrogehVQ;71 g 
(7.2 mmol) of copper chloride arid 18 ml of acetonitrile (dried with molecular sieves and bubbled with nitrogen) were, 
add^d to the flask. The' resultant hnikture wasi stirred at a tismperature of 65**C for 1 5 rhinute^ , and then' 36:2 ml (252 
rhmol) of BA, 34.4 mr(317 mmol)'of EA, and 19.5 ml (151 mmol) of MEA were added to the mixturd /After stim'ng under 
heating at'88'»C. 6.15 ml (0.72 rtimol) of diethylenetriamine as a ligand was added to the mixture.' Then, 2 ml of an 
acetonitrile solution dontairiirig 6:52'g (1 ;4 mmol) of diethyl 2,5-dibromoadipate was added to initiate polyrherlzation. ' 
[0241] After poiymenzation was initiated, about 0.2 nil of solution was sampled frdrh the polyrherization. solution at 
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th!ln T T ' f 2? 1i ^""^ ^^P'^ subjected to gas chromatographic analysis to determine 

rfl H «r °' ^' ^"'^ "^^ P^'y'^^rization rate was controlled by adding the triamine as occasion 
demands. At a BA conversion rate of 96%. an EA conversion rate of 96%, and an MEA conversion rate of 97% 68 2 
ml of toluene (dned With molecular sieves and bubbled with nitrogen), 23.4 ml (144 mmol) of TBMA. 0.71 g (7.2 mmol) 
of copper chlonde and 0.15 ml (0.72 mmol) of diethylenetriamine were added to the reaction solution. Similarly, the 
conversion rale of MMA was de.emiined. Al a BA conversion rale of 98%. an EA conversion rate of 98% an MeJ 
conversion rale of 99%, and a TBMA conversion rale of 93%.. 150 ml of toluene was added to the reaction solution 
and the reactor was cooled in a water bath to temiinate the reaction. The reaction solution was filtered with activated 
alurrima to remove a copper conr^Jlex. The resultant polymer was dried under vacuum at 60"C for 24 hours to produce 
the target block copotymer (g). 

?m IHh '^^^l'^"* block copolymer (g) showed a number-average molecular weight Mn of 

1 1 2,000, and a molecular weight distribution Mw/IWIn of 1 .35. 

[0243] The functiorial groups of the block copolymer (g) were converted by the same method as in Example 1 to 

the rerJttLthr^k'^ '^"'^'"!^^ "'""'^'"^^ ^^'^ "^^^ '^^"t^"* ^^-^ cart>oxyl^ontaining monomerlntroduoed in 
the resultant block copolymer (h) was 1 7.4% by weight. 

Example 5 

Synthesis and functional group conversion of (MMA-co-TBMA)-b-BA-b-(IVIMA-co-TBMA) block copolymer (i) 

InH f K-^^tf!;?'^ "f ^-^^ ^ ^^^^ """^'^ °^ ""^y 2.5-dibromoadipate and 900 ml (6.28 mol) of BA were 
S^^^n o, MiSrr ^ ^ ^ inversion rate of 95%, 152 ml (0.94 mol) of TBMA and 400.9 mi 

SillrSl r ^""^^ '° ^ '^^^ conversion rate of 71% and an MMA conversion 

rate of 66 /c the reac ,on was temi.nated. Then, the same operation as that in Example 1 was perfomied to produce 
he target block copo ymer (i). The GPC analysis of the resultant block copolymer (i) showed a number-average mo- 
lecular weight Mn of 1 22.858, and a molecular weight distribution Mw/Mn of 1 .46. The functional gmups of^e b^k 

tllrJZ al^i'^^!'^^ '^J. ^^^^'^'^S block copolymer 0). the 5%-weight-loss tem- 

30 w^ 5 3% Swlfgh^: carboxyl-containing monomer introduced in the resultant block copolymer 0) 

Example 6 

35 copil^ilU? 'conversion of {MMA-cb-TBMA)-b-(BA-co-EA-co-MEA)-b-(MMA-co-TBMA) block 

S^'^LlW PA ^^^^7^^ ^I^"' ^-^^ ^ ""^^'^ °* 2.5-dibromoadipate. 361 ml (2.52 mol) of BA. 344 ml 

mtl of «^PA^ ^ """^ °' ^^'^ "'^^Sed and subjected to polymerization. At a BA co.;version 

^H^^^t, f LmT"''^'''°.T*^ ^"'^ ^" conversion rate of 98%. 83.2 ml (0.51 mol) of TBMA and 494 

™ i^firlh MMA were added to the reaction solution. At a TBMA convereion rate of 66% and an MMA conversion 
tTl tfrn^tt ! "^1°" t^""'"ated. Then, the same operation as that in Example 1.was perfomied to produce 
^e ta get block copoVmer (k). The GPC analysis of the resultant block copolymer (k) showed a number-average 
TrS ^""^ ^ "io'«="'ar weight distribution Mw/Mn of 1 .49. The functional groups of the block 

Ir^, ^J^^''\°JJ^"^°9'^^'"'^^^"<= analysis of the carboxyl-containing block copolymer (I), the 5%-weight-loss tem- 
iS^rSwefght °' carboxyl-containing monomer introduced in the resultant block. oopolymeai) 

Example 7 

Sj^tlm)*""'*'°"^' ^'^"^ °' (MMA-co-TBMA)-b-(BA^-EA-co-MEA)-b-(MMAK:o-TBMA) block 

S^47- Ln"n1 PA *I ^-^^ ^ (14.8 mmol) of diethyl 2.5-dibromoadipate, 281 ml (1 .96 moO of BA. 267 ml 

Se of 9sl ,fpA^ ^ °^ ^^^^^^'^ '° polymerisation. At a BA conversion 

mH4^ttnTf ^jr^^'^'ZT "^S"^' conversion rate of 97%, 193 ml (1 .19 mol) of TBMA and 509 

mt^^J^^\tT\ ^ '° • ^ ^"^^ conversion rate of 64% and an MMA conversion 

rate of 61 ^. the reaction was tentiinated. Then, the same operation as that in Example 1 was perfomiedto produce 
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the target block copolymer (m). The GPC analysis of the resultant block copolymer (m) showed a number-average 
molecular weight Mn of 118,927. and a molecular weight distribution Mw/Mn of 1 .49. The functional groups of the block 
copolymer (m) were converted by the same method as in Example 1 to synthesize a carboxyl-containing block copol- 
ymer (n). As a result of thermogravimetric analysis of the carboxyl-containing block copolymer (n), the 5%-wetght-loss 
5 temperature was 313*'C. The content of the carboxyl-containing monomer introduced in the resultant block copolymer 
(n) was 6.6% by weight. 

Comparative Example 1 

10 Synthesis of MMA-b-BA-b-MMA block copolymer (o) 

[0247] 5.65 g (15.7 mmol) of diethyl 2,6-dibromoadipate and 900 ml (6.28 mol) of BA were charged and subjected 
to polymerization. At a BA conversion rate of 95%, 554 ml (5.18 mol) of MMA was continuously added to the reaction 
solution. At a BA conversion rate of 97% and an MMA conversion rate of 60%, the reaction was tenninated. Then, the 
15 same operation as th at for producing the block copolymer (a) in Example 1 was perfomied to produce the target block 
copolymer (o). 

[0248] The GPC analysis of the resultant block copolymer (o). showed a number-average molecular weight Mn of 
11 9.200, and a molecular weight distribution Mw/Mn of 1 .51 . The thermogravimetric analysis of the block copolymer 
(o) having no functional group (c) whk:h has high strong cohesive force showed a 5%-weight-loss temperature was 
20 280°C. 

Comparative Example 2 

Synthesis of MMA-b-(BA-co-EA-co-MEA)-b-MMA block copolymer (p) 

25 

[0249] 6.18 g (17.2 mmol) of diethyl 2,5-dibromoadipate and 12.3 g (85.8 mmol) of copper bromide were charged 
and subjected to polymerization for producing a BA-co-EA-co-MEA block. At a BA conversion rate of 95%. an EA 
conversion rate of 95%, and an MEA conversion rate of 96%, 575 ml (5.41 mol) of MMA was continuously added to 
the reaction solution. Then, the same operation as in Example 3; was perfomned. At ah MMA conversion raite of 60%, 
30 the reaction was tenninated. 

[0250] The GPC analysis of the resultant block copolymer (p) showed a number-average molecular weight Mn of 
11 9,000. and a molecular weight distribution Mw/Mn of 1 .46. 

[0251] Table 1 shows the test results of the mechanical strength, hardness, compression set, and 5%-weight-loss 
temperature of the block copolymer produced in each of the examples and the comparative examples. 

35 
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[0252] In each of the examples, the carboxyl-containing block copolymer was synthesized. In each of Examples 1 
to 7. the carboxyl-containing block copolymer (A) could be synthesized, and the introduction of functional groups ex- 
hibited the effect of significantly improving the themnal decomposition resistance. In Comparative Examples 1 and 2, 
it is found that the block copolymer having no function group such as a carboxyl group has remarkably low thermal 
decomposition resistance in comparison with the block copolymers of Examples 1 to 7. In Examples 1 to 5, it Is found 
lhat the carboxyl-conlaining block copolymer (A) has low compression sel al high lemperatures and malnlains slrenglh 
necessary for forming, as compared with the block copolymer having no funclional group such as a carboxyl group. It 
is also found that the hardness is not substantially changed even by introducing the functional group while the cohesive 
force is increased, and the caftooxyl-containing block copolymer has low hardness, low compression set, and high 
mechanksal strength. 

Production Example 1 

Synthesis of MMA-b-BA-b-MMA bkick copolymer (ratio MMA/BA -. 3/7) 



[0253] In 50 L reactor, 1 1 2 .56 g of cuprous bromide was charged, and the air in the reactoi- was replaced with n itrogen . 
Then, a solution containing 627.44 g of acetonitrile and 1. 072.8 g of n-butyl acrylate was charged in the reactor under 
reduced pressure, and the resultant mixture was heated to 65°C and stirred for 30 minutes. Then, a solution containing 
56.50 g of diethyl 2,5-dibromoadipate, 6973.2 g of n -butyl acrylate. and 158.76 g of butyl acetate, and 784.30 g of 
acetonitrile were charged in the reactor. The resultant mixture was further stirred for 30 minutes under heating to 85*'C. 
16 ml of pentamethyldiethylenetriamine was added to the reactor to initiate polymerization oif n-butyl acrylate for a first 
block. When the conversion rate reached 95%, 14,228.8 g of toluene. 77.68g of cuprous chloride, and 5182.5 g of 
methyl methacrylate were charged in the reactor, and 16 ml of pentamethyldiethylenetriamine was added to initiate 
polymerization of methyl methacrylate for a second block. When the conversion rate reached 56%, 8,660 g of toluene 
25 was added to dilute the reaction solution, and the reactor was cooled to terminate the polymerization. 

[0254] The GPC analysis of the resultant block copolymer showed a number-average molecular weight Mh of 
107.000, and a molecular weight distribution Mw/Mn of 1.46. Ateo. the NMR analysis ofthe composition showed M MA/ 
BA = 29/71 (% by weight), - ; - ' 

[0255] Toluene was added to the resultant block copolymer solution so that the polymer concentration was 14.6% 

30 by weight, and 32 g of p-toluenesulfonic acid was further added to the solution. Then, the air in the reactor was replaced 
with nitrogen, followed by stirring at room temperature for 3 hours. After a solution sampled from the reaction sofution 
was confirmed to be coloriess and transparent; the reaction was terminated. Then, the solution was poured out of the 
reactor and the solid content was removed with a disk centrifuge. Then; 150 g of Kyoward 500SH was' added to 50 L 
of the block copolymer solution, and the air in the reactor was replaced with nitrogen, followed by stirring at room 

35 temperature for 3 hours. After a solution sampled from the reaction solution was confirmed to be neutral, the reaction 
was temiinated. Then, the solution was poured out of the reactor, and the adsorbent was removed by solid-liquid 
separation. 4 
[0256] The polymer solution was supplied to a horizontal evaporator with bent for removing the solvent and unreacted 
monomers to isolate a polymer. The temperatures of the body jacket and the screw of the evaporator were controlled 

^ to 200*'C by a heating medium, and the inside of the evaporator was kept in vacuum at about 0.01 MPa or less using 
* a vacuum pump. The. resultant resin was pelletized by an undenwater pelletizing system. The extriider used was a 
single-screw type and had a screw diameter of 50 mm, and extrusion was prefonmed at leO^'C and a resin feed rate 
of 12 kg/hr. The die used had two holes of 2.4 mm in diameter and a 4-blade cutter. 0.3% by weight of stearic acid 
amide was added to circulation cooling water, and the flow rate of circuliation cooling water was 260 L/min, The outlet 

« of a heat exchanger was set to a temperature of 34°C. Consequently, spherical pellets (A-1 ) of abbut 3 mm in diameter 
were produced by the apparatus, - - ; 

Production Example 2 
50 Synthesis of MM A-b-{BA<:o-EA-co-MEA)-b-MMA block polymer (M^ 

[0257] After the air in a 2000 ml separable flask used as a polymerization reactor was replaced with riltrogen; 4.60 
g (32.0 mmol) of copper bromide and 40 ml of acetonitrile (dried with molecular sieves and bubbled with nitrogen) were 
added to the flask. The resultant mixture was stirred under heating at 70*0 for 5 minutes and then cooled to room 
temperature. Then, 2.31 g (6.4 mmol) of diethyl 2,5-dibromoadipate as the initiator, 80.4 ml (561 mmol) of BA. 76.4 ml 
(705 mmol) of EA, and 43.3 ml (336 mmol) of MEA were added to the mixture. After stirring under heating at 80'C. 
0.67 ml (3.2 mmol) of diethylenetriamlne as a ligand was as added to the resultant mixture to initiate polymerization, 
[0258] After polymerization was initiated, about 0.2 ml of a solution was sampled from the polymerization solution 
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at predetertnined time intervals, and each sampled solution was subjected to gas chromatographic analysis to deter- 
mine the conversion rate of each of BA, EA, and MEA. The polymerization rate was controlled by adding the triamine 
^r'^^h^ l^'^ '^""^'ersion rate of 96%. an EA conversion rate of 95%, and an MEA conveision rate 

!Yo; f T ^ °' ' 9 ° °^ '^^PP^^ 0-67 ml (3^ mmol) of diethylenetriamine 

and 603 ml of toluene (dried with molecular sieves and bubbled with nitrogen) were added to the reaction solution 
Sim. arty, Ihe conversion rale of IVIMA was determined. At a BA conversion rate ol 97%. an EA conversion rale of 96%' 
an MEA conversion rale of 90%. and an MMA conversion rate of 51%, 300 ml of toluene was added to ihe reacUon 
solution, and the reactor was cooled in a water bath to terminate the reaction 

. "^^^ ""^'^ '^"'^ activated alumina to remove a copper complex. Then, the filtrate was 

Ito^ , L J^ ^"""""^ methanol to precipitate a polymer and the resultant polymer was dried under vacuum at 
60 C for 24 hours to produce the target block copolymer (A-2). 

Production Example 3 

Synthesis of MMA-b-(BA-co-EA-co-IWEA)-b-MMA block copolymer (IWMA/(BA. EA, MEA) = 3/7) 

[0260] After the air in a 500 ml separable flask used as a polymerization reactor was replaced with nitrogen. 1 .37 g 
'^°^J>^^°PP%^''>'^»i^ and 20 ml of acetonitrile (dried with molecular sieves and bubbled with nitrogen) were 
added to the flask. The resultant mixture was stirred under heating at 70'C for 5 minutes and then cooled to room 
■ JlT f °^ *ethy|.2.5-dibromoadipate as the initiator, 40.2 ml (280 mmol) of BA. 3B.2 ml 

i^n ml M n A^?^ u °' '^^'^ ""^'^ *° After stirring under heating at 80'C 

rn^fi,T ^ A« '^'^f*'y^"etriamine as a ligand was as added to the resultant mixture to initiate polymerization 

it rfr H t ' P^T^""^^*'"" of a solution was sampled from the polymerization solution 

at predetermined time inteivais. and each sampled solution was subjected to gas chtonatographic analysis to deter- 
mine the conversion rate of each of BA. EA. and MEA. The polymerization rate was controlled by adding the triamine 
of o^T^r« w!nf • f ■^.f°"v«'^'«>" rate of 94%, an EA conversion rate of 93%. and an MEA conversion rate 

Tl^H "® ^ molecular sieves and bubbled with nitrogen) were added to the reaction solution 

Similarty. the conversion rate of MMA was detemiined. At a BA conversion rate of 97%, an EA conversfon rate of 97%' 
an MEA conversion rate of 98%. and an MMA conversion rate of 82%. 150 ml of toluene was added to the reaction 
solution, and the reactor was cooled in a water bath to terminate the reaction 

L^fn^ H . "^^^^ ^^^^"^ ^'"•"'"a to remove a copper complex. Then, the filtrate was 

«nS r L J^^ amount of methanol to precipitate a polymer, and the resultant polymer was dried under vacuum at 
60OC for 24.hours to produce the target block copolymer (A-3). 

S^^^n ^! ^'^^'^ °' '"^ ""^'^ •=°Po'y'"er showed a number-average molecular weight Mn of 

B^p%t^^I Ti^^" rLo! l';V^'^'"''""°" °' ' ''''^ ^"alysis of the composition showed EA/ 

BA/MEA/MMA = 24/33/1 5/28 (% by weight). 

Production Example 4 

Synthesis and functional group conversion of (MMA-co.TBMA).b-(BA-co-EAK.o-MEA)-b-(MMAK:o.TBMA) block 
copolymer (A-4) 

!f I" ^ ! !- ^^Parable flask, 6.03 g (1 6.8 mmol) of diethyl 2,5-dibromoadipat6. 362 ml (2.52 mol) of BA. 344 ml 
Stl ro'^l '^ -^^ "^'^ °^ "'^'^ '^'^'^ and subjected to polymerization. At a BA comrersion 

^ /-i lot r*!.'^.?"''^'^'"? ^""^ MEA conversion rate of 97%, 42.5 ml (0.26 mol) of TBMA and 534 

« i M MMA were added to the reaction solution. At a TBMA conversion rate of 64% and an MMA conversion 

tT^ ?M t ? ? "n^e". same operation as in Example 1 was performed to produce the 

target block copolymer (A-4). The GPC analysis of the resultant block copolymer (A-4) showed a number-averBoe 
molecular weight Mn of 124,008, and a molecular weight distribution Mw/Mn of 1.45. Thefunctional groups of thebl,4 
Zr^T!! « ir^'^ T^^f^ '^"^ '"^"'^'^ ^ ^^P'^ ' *° synthesize a carboxyl-containing block co- 
weight * carboxyl-containing monomer in the resultant block copolymer (A-5) was 1.29% by 
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Production Example 5 

Synthesis and functional group conversion of (MMA-co-TBMA)-b-(BA-co-EA-co-MEA)-b-(MMA-co-TBMA) block 
copolymer (A-6) 

5 

[0265] In a 5 L separable flask, 4.65 g (12.9 mmol) of dieUiyl 2,5-dibromoadlpate, 201 nnl (1 .40 mol) of BA, 191 ml 
(1 -76 mol) of EA, and 108 ml (0.84 mol) of MEA were charged and subjected to polymerizalion. Al a BA conversion 
rate of 95%, an EA conversion rate of 96%, and an MEA conversion rate of 98%, 465 ml (2.87 mol) of TBMA and 307 
ml (2.87 mol) of MMA were added to the reaction solution. At a TBMA conversion rate of 62% and an MMA conversion 

10 rate of 60%, the reaction was terminated. Then, the same operation as in Example 1 was performed to produce the 
target block copolymer (A-B). The GPC analysis of the resultant block copolymer (A-6) showed a number-average 
molecular weight Mn of 1 07,1 68, and a molecular weight distribution Mw/Mn of 1 .31 . The functional groups of the block 
copolymer (A-6) were converted by the same method as in Example 1 to synthesize a carboxyl-containing block co- 
polymer (A-7). The content of a carboxyl-containing monomer In the resultant block copolymer (A-7) was 19.7% by 

15 weight. 

Production Example 6 

Synthesis of (f^MA-co-HEMA)-b-BA-b-(MMA-co-HEMA) block copolymer (A-8) 

20 

[0266] The operation below was performed for producing a block copolymer including a (meth)acrylic polymer block 
having hydroxyl groups. In a 500 ml separable flask, 0.57 g (1 .57 mmol) of diethyl 2,5-dibromoadipate as an initiator 
and 90 ml (628 mmol) of BA were charged to initiate polymerization. At a BA conversion rate of 95%, 35.3 ml (330 
mmol) of MMA and 1 .9 ml (1 5.7 mol) of HEMA were added to the reaction solution. At an MMA conversion rate of 83% 
25 and a BA conversion rate of 97%. the reaction was terminated. Then, the same operation as that for producing the 
block copolymer (a) in Example 1 was performed to produce the target block copolymer (A-8). 
[0267] The GPC analysis of the resultant block copolymer {A-8) showed a number-average molecular weight Mn of 
94,000, and a molecular weight distribution Mw/Mn of 1.75. 

30 Production Example 7 

Synthesis of MMA-(BA-co-HEA)-MMA block copolymer (A-9) 

[0268] After the air in a 5 L separable flask used as a polymerizalion reactor was replaced with nitrogen, 11 ,6 g (80.7 
35 mmol) of copper bromide, 1 80 ml of acetonitrile (bubbled with nitrogen), 5.8 g (1 6.1 mmol) of diethyl 2,5-dlbrpmadipate 
functioning as an initiator, 832 ml (5.8 mol) of BA. and 67.5 ml (0,65 mol) of HEA were added according to the same 
procedure as in Example 1 , Then, 1 .68 ml (8.1 mmol) of diethylenetriamine as a ligand was added to initiate polymer- 
ization. 

[0269] At a BA conversion rate of 94%, 559 ml (5.22 mol) of MMA, 7.89 g (0.081 mol) of copper chloride, 1.68 ml 
^ ; (8.1 mmol) of diethylenetriamine, and 1,11 0 ml of toluene (bubbled with nitrogen) were added to the reaction solution; 
At an MMA conversion rate of 63% and a BA conversion rate of 97%, 1 ,600 ml of toluene was added to the reaction 
solutloni and the reactor was cooled in. a water bath to temnlnate the reaction. Then, the same operation-as that for 
producing the block copolymer (a) in Example 1 was jDerformed to produce the target block copolymer (A-9). 
[0270] ' The GPe analysis of the resultant block copolymer showed a number-average molecular .weight Mn of 
45 11 8.355. and a molecular weight distribution Mw/Mn of 1 .69. Also. ^H-NMR analysis of the cpmpositiori showed BA/ 
HE/\/MMA = 63/7/30 (% by weight). 

[0271 ] In the examples.and comparative examples below. measurement and evaluation were perfomied by the nrieth- 
ods and under conditions; described below. In. the examples and comparative examples, the polymers produced in 
Examples 3, 4, and 6 and Production Examples t to 7 were used. The. molded product of each of the polynriers was 
50 measured for hardness, tensile break strength, tensile break elongation, oil resistance, adhesion, and wax renriover 
resistance. 

(Hardness) 

55 [0272] Hardness at 23°C (initial value according to JIS A) was measured according to JIS,K6253; However, when 
a hardness measured by a type A durometer exceeded 90, the hardness was measured by a type D durometer (JIS D). 
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(Tensile break strength (MPa) and tensile break elongation (%)) 

[0273] The tensile break strength and tensile break elongation were measured with Autograph model AG-10TB pro- 
duced by SHIMADZU Corporation according to the method described In JIS K7113. Measurement was conducted with 
s n=3, and averages of strength (MPa) and elongation (%) at breakage of a test piece were determined. The test piece 
had a shape of No. 2(1/3) having a thickness of aboul 2 mm. Also, measurement was conducted al 23*^0 and at a test 
rate of 500 mm/min. Before the measurement, as a rule, the lest piece was conditioned al a temperature of 23±2*'C 
and a relative humidity of 5Q±5% for 48 hours or more. 

10 (Oil resistance) 

[0274] A molded product of a composition was immersed in oil (ASTM oil No. 3) kept at 1 50*»C for 72 hours according 
to ASTM D638 to determine a rate of change in weight. 

[0275] The oil resistance was evaluated on the basis of the following criteria: 



15 



20 



25 



A: The rate of change in weight was less than 1 0% 
B: The rate of change in weight was 1 0% or more and less than 30%. 
C: The rate of change in weight was 30% or more. 

[0276] The shape was observed before and after immersion and evaluated on the basis of the following criteria: 

A: The shape was maintained. 
B: The shape was changed. 

[0277] Also, overall evaluation was performed on the basis of the following criteria: 

A: Both the change in weight and shape were evaluated as good. 
B: One of the change in weight and the shape was evaluated as poor 

30 (Heat resistance) 

[0278] The heat resistance was evaluated on the basis of a flow beginning temperature by flow measurement. Meas- 
urement was performed with a flow tester CFT-500 produced by SHIMADZU Corporation. In the measurement, a resin 
sample was exlruded from a nozzle having an inner diameter of 1 mm and a length of 1 0 mm under healing al a'healing 
rate of 5«'C/mln with a load of 60 Kgf/cm2, and the temperature (indicated by Tfb in this tester) at which the resin 
extmsion piston of the flow tester apparently started falling was measured as the flow beginning. temperature. 

(Adhesion) 
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[0279] Each of the various adhesives (S-1 : Trade name "Cemedine Zerotype" produced by Cemedine Co., Ltd., an 
instant adhesive mainly composed of cyanoacrylate; S-2: Trade name "Bond G17" produced by Konishi Co., Ltd., a 
general purpose adhesive for synthetic rubber, metals, leather, and wood mainly composed of chloroprene rubber; S- 
3: Trade name "Bond SaiRex Clear" produced by Konishi Co.. Ltd., a multi-purpose highly adhesive, transparent, and 
reactive adhesive mainly composed of modified silicone polymer; S-4: Bond for wood produced by Konishi Co.. Ltd., 
an aqueous adhesive for wood mainly composed of vinyl acetate resin; and S-5: Bond for vinyl resin produced-by 
Konishi Co.. Ltd., a vinyl chloride resin-based solvent adhesive mainly composed of vinyl chloride) was coated on a 
stainless metal plate. Then, an end of a sample was pressure-bonded to the plate and allowed to stand for .1 0 hours. 
Then, the sample was manually peeled off from the unbonded end. When the sample was separated at the interface 
with the metal plate, the adhesion was evaluated as good (A). When the sample was separated at the interface with 
so the resin, the adhesion was evaluated as poor (B). 

(Wax remover resistance) 

[0280] A molded product of a composition was Immersed in a solution of Wax remover ST7 (produced by Yushiro 
S5 Chemical Industry Co., Ltd.) kept at 1 20^C for 48 hours to measure a rate of change in weight and a rate of change in 
volume. 
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Examples 8 to 1 0 

[0281] The block copolymer produced in each of Production Examples 1 to 3 and Irganox 101 0 (produced by Ciba 
Geigy Corporation) were mixed at the ratio shown in Table 2 and melt-l<neaded at 200^0 with Laboplastomill (produced 
by Toyo Seiki Company, Japan) set to 200" C at a screw rotational speed of 1 00 rpm for about 5 minutes to produce a 
block sample. The resulting sample was heal-pressed al a temperature of 230''C to fomn a molded product of 2 mm 
in thickness for evaluating the physical properties and a cylindrical molded product of 30 mm In diameter and 12 mm 
in thickness for evaluating compression set. These molded products were subjected to measurement of hardness, 
tensile break strength, tensile break elongation, oil resistance, adhesion, and wax remover resistance. 

Comparative Exannple 3 
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[0282] Septon 2043 (produced by Kuraray Co.. Ltd.), which was a typical example of low-hardness styrene thermo- 
plastic elastomers, and Irganox 1 01 0 (produced by Ciba Geigy Corporation) were mixed at the ratio shown in Table 2 
and melt-kneaded at 160*'C with Laboplastomill (produced by Toyo Seiki Company. Japan) tor about 5 minutes to 
produce a block sample. The resulting sample was heat-pressed at a temperature of 1 60*C to form a molded product 
of 2 mm in thickness for evaluating the physical properties and a cylindrical molded product of 30 mm in diameter and 
12 mm in thickness for evaluating compression set. 

[0283] These molded products were subjected to measurement of hardness, tensile break strength, tensile break 
elongation, oil resistance, and adhesion. The results are shown in Table 2. 



Comparative Example 4 
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[0284] Santoprene 21 1 -55 (produced by ADVANCED ELASTOMER SYSTEMS, L.R). which was a typical example 
of low-hardness olefin themioplastic elastomers which is vulcanized dynamically, and Irganox 101 0 (produced by Ciba 
Geigy Corporation) were mixed at the ratio shown in Table 2 and melt-kneaded at 1 TO^C with Laboplastomill (produced 
by Toyo Seiki Company, Japan) for about 5 minutes to produce a block sample.The resulting sample was heat-pressed 
at a temperature of 1 TO^C to form a molded product of 2 mm in thickness for evaluating the physical properties and a 
cylindrical molded product of 30 mm in diameter and 12 mm In thickness for evaluating compression set. 
[0285] These molded products were subjected to measurement of hardness, tensile break strength, tensile break 
elongation, oil resistance, and wax remover resistance. The results are shown in Table 2. 



Table 2 





Resin 

composition 


.Example 
8 


Example 
9 


Example 
10 


Comp. 
Examples 


Comp. 
Example 4 


. Component 


A-1 


100 












A-2 






100 








A-3 




100 










Septon 2043 








100 






Santoprene 










190 . 




211-55 














IrganoxlOlO 


. 0.5 


0.5 


0.5 


0.5 


0:5 



35 



45 



SO 



55 



35 
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Table 2 (continued) 







Resin 

composition 


Example 
8 


Example 
9 


Example 
10 


Comp. 
Example 3 


Example 4 


5 


Physical 
properties 


Hardness 
(Initial value) 
JIS-A 


42 


31 


61* 


36 


55 


10 




Tensile break 
strength MPa 


8.6 


6.2 


24.8 


12 


4.6 






Tensile break 
elongation % 


339 






1110 


375 






Oil resistance 

% 


80.3 


24.3 


16,0 


Dissoh^ed 


189,5 


15 


















Adhesion 
















S-1 


A 


A 


A 


A 




20 




S-2 
S-3 


A 

A 


A 
A 


A 
A 


B 
B 








S-4 


A 


A 


A 


B 








S-5 


A 


A 


A 


B 




25 




Wax remover 

resistance 

Rate of change 
in volume % . 




77 






267 


30 




Rate of change 
In weight % 




21 






147 


* JI5*D hardness — 







S5 



40 



45 



50 



55 



blfr^Ls J '""^f^^^^ block copolymers of Examples 8 and 9 each comprising tho (moth)acrylic polymer 

L^Z^ ??«^''^^"^"' ^"'^ ^'^ ^^'"^v^^ resistance. Table 2 also indicates that the block 

Z r^!* . comprising the (methjac^^lic polymer block (a) and the acrylic polymer block (b) at a ratio 
of 6/4 has excellent oil res«tance and adhesion, but tends to exhibit low tensile break elongation and high harxlness. 

Example 11 

[0287] Onehundredpartsby weightoftheblockcopolymerproducedin Production Example 3 and 0.5 part by weight 

jIiTnTs°i to 1 sSc ?f melt-kneaded with Laboplastomlll (produced by Toyo Seiki Company. 

tcT^ T, V I"^ '^^""'"•'^ ^^P'^ heat-pressed at a temperature of 1 90°C to fom, a cylindrical molded 

r2tl If^ .r t^T "^"^ "^^^ """'^^^ P"«^"'^ « satisfactory s^ape after being 

L^^SiS, P""*"^ '"'^ '^''i^^^ '° measurement of tensSe 

break strength, hardness, heat resistance, and oil resistance. The results are shown in Table 3. 

Example 12 

STL«m^!"if f ' '"ITZ'^T °J ^° and 12 mm in thickness was fomied by the same method 

satLrt^ cK « "^P"^^ O Praduced in Example 3 was used. The molded product had a 

to If!! r ^^^®'"9 released from the mold without adhesion to the mold. The molded product was subjected 

to measurement of tensile break strength, hardness, heat resistance, and oil resistance. The results are shown In Table 
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Example 1 3 

[0289] A cylindrical molded product of 30 mm in diameter and 12 mm in thickness was formed by the same method 
as in Example 11 except that the block copolymer (h) produced in Example 4 was used. The molded product had a 
s satlsfactoiy shape after being released from the mold without adhesion to the mold. The molded product was subjected 
to measurement of tensile break strength, hardness, heal resistance, and oil resistance. The results are shown in Table 
3. 

Example 14 

10 

[0290] A cylindrical molded product of 30 mm in diameter and 12 mm in thickness was formed by the same method 
as in Example 11 except that the block copolymer (I) produced in Example 6 was used. The molded product had a 
satisfactory shape after being released from the mold without adhesion to the mold. The molded product was subjected 
to measurement of tensile break strength, hardness, heat resistance, and oil resistance. The results are shown in Table 
15 3. 

Example 15 

[0291] A cylindrical molded product of 30 mm in diameter and 12 mm in thickness was formed by the same method. 
20 as in Example 11 (except that the block copolymer (A-5) produced in Production Example 4 was used. The . molded 
product had a satisfactory shape after being released from the mold without adhesion to the mold. The molded product 
was subjected to measurement of tensile break strength, hardness, heat resistance, and oil resistance. The results 
are shown in Table 3. 

2S Example 16 

[0292] A cylindrical molded product of 30 mm in diameter and 1 2 mm in thickness was formed by the same method 
as in Example 11 except that the block copolymer (A-7) produced in Production Example 5 was used. The molded 
product had a satisfactory shape after being released from the mold without adhesion to the mold. The molded product 
30 was subjected to measurement of tensile break strength, hardness, heat resistance, and oil resistance. The results 
are shown in Table 3. 

Example 17 

35 [0293] Twenty parts by weight of polyamide PA (UBE Nylon 1 01 3B produced by Ube Industries, Ltd.) and 0.5 parts 
by weight of Irganox 1010 (produced. by Ciba Geigy Corporation) were added to 100 parts by weight of the block 
copolymer produced in Production Example 3, and the resultant mixture was melt-kneaded with Laboplastoniill (pro- 
duced by Toyo Seiki Company, Japan) set to 230*'C. The resulting sample was heat-pressed at a temperature of 230°C 
to form a cylindrical molded product of 30 mm in diameter and 1 2 mm in thickness. The molded product had a satis- 

40 factory shape after being released from the mold without adhesion to the mold. The molded product was subjected to 
measurement of tensile break strength, hardness, heat resistance, and oil resistance. The results are shown in Table 3. 

Comparative Example 5 

^5 [0294] 0.5 part by.weight of Irganox 1010 functioning as a stabilizer was added to 100 parts by weight of Pelprene 
P 30B (produced by Toyobo: Co.,.Ltd.), which was an example of polyester thenmoplastic elastomers, and the resultant 
mbrture was melt-kneaded with Laboplastomill (produced by Toyo Seiki Company. Japan) setto 190*C to fonn ablock 
sample. The resulting sample was heat-pressed at a temperature of 1 90*»C to fontii a cylindrical molded product of 30 
mm In diameter and: 12 mm in thfckness for evaluating compression set. The molded product was subjected to meas- 

so urement of tensile break strenigth, hardness, heat resistance, and oil resistance. The results are shown in Table 3. ' 
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Table 3 



5 




Mixing 
amount (part 
by weight) 




Example 


Comp. 
Example 








11 


12 


13 


14 


15 


16 


17 


5 




Component 


A-3 


100 












100 




10 




f 






















h 






100 
















I 








100 










15 




A-5 










100 












A-7 












100 










Thermoplastic 
resin: PAS 














20 




20 




Pelprene 
















100 




Physical 
properties 


Hardness (JIS-A) 


31 


25 


23 


30 


31 


86 


61 


79 




Breaking strength 
(MPa) 


6.2 


9.2 


7.5 


8 


7.9 


16 


7.1 


25.4 


25 




Breaking 
elongation {%) 


632 


570 


392 


622 


663 


148 


168 


1426 






Flow beginning 
temperature ("C) 


111 


163 


167 


112 


104 


193 


118 


145 


30 




Oil resistance 
(rate of change) 


B 


B 


B 


B 


B 


B 


B 


C 






Rate of change in 
weight (%) j 


24.3 


29.4 


24.6 


19.9 


22.6 


19.3 


18.6 


64.2 



fSLS^^Slal J H P"'^'""^ P^"^"^^"^ P^^«"' has excellent 

rea?rS to . ^P^'y^^'^^t^^^^Plastic elastomer (Comparative Example 5) which is generally 

regarded to be excellent m oil resistance has high hardness and poor oil resistance. Example 17 indicates that a 

e'rtr: nsroSn^uTanrrr'" hllemaintainlngthe oil resistar:t7mL';r:al p 

.s J h! beginning temperature of an acrylic block copolymer measured by the flow tester 

IS irKreasod by introducing a carboxyl group, thereby producing a material having superior hoat resistance. 

Example 1 8 

Eries^ ^"^P'" ' • P^ly^"^^ ("BE 1 0'3B produced by Ube 

Ind m^r^nf H H r ° <P^°'^"'=^ Ciba Geigy Coa>oration) were mixed at the ratio shown In Table 4 

andmelt-kneaded wrth Laboplastomill (produced by Toyo SeikI Company. Japan) set to 230°C A crosslink nq Sent 
anf j;^: re7uE ""Tl ^'^"^ ' '"^iier added at the ral Lht^^ln 't^^^^^^^^^^ 

Cht^iLnnH ? T'^*^ melt-kneaded. Then, a titanium (IV) tetrabutoxide monomer (produced by Wako Pure 

to pSCSa J^Se CrliST'"^^^^^^ 

prM^ir^^^^ J^^ l^^^^ heat-pressed at a temperature of 230-C to fom, a cylindrical molded 

andco™^^^^^^ 

Of 2 mm in thckness. The molded products were subjected to measurement of oil resistance and insoluble content. 
Example 1 9 

[0297] The same process as in Example 18 was perfomied until PEP-36 was added. After PEP-36 was added, a 
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plasticizer UL-100 (produced by Asahi Denka Kogyo K,K.) was added to the resultant mixture under melt kneading to 
fonn a sample. Then, the sample was evaluated by the same method as in Example 18. 

Example 20 

[0298] The block copolymer A-8 produced in Production Example 6, polyamide PA (UBE Nylon 1013B produced by 
Ube Industries, Ltd.). and Irganox 1010 (produced by Ciba Geigy Corporation) were mixed at the ratio shown in Table 
4 and melt-kneaded with Laboplastomill (produced by Toyo Seiki Company, Japan) set to 230**C. Furthermore, a tita- 
nium (IV) tetrabutoxide monomer (produced by Wako Pure Chemrcal Industries. Ltd.) was added to the resultant mixture 
under melt kneading at 230**C and a screw rotational speed of 100 rpm to promote reaction (dynamk: crosslinking). 
Then, PEP-36 (produced by Asahi Denka Kogyo K.K.) was added to the mixture, and a sample was produced when 
the torque of the plastomlll became constant to create a stable state. The resulting sample was heat-pressed at a 
temperature of 230°C to fomn a cylindrical molded product of 30 mm in diameter and 1 2 mm in thickness. The molded 
product was subjected to measurement of hardness and compression set. Similarly, the sample was heat-pressed at 
a temperature of 230°C to form a molded sheet product of 2 mm in thickness. The molded product was subjected to 
measurement of oil resistance and insoluble content. 



Example 21 

20 [0299] The block copolymer A-9 produced in Production Example 7. 30 parts of polyamide PA (UBESTA 301 2U(R) 
produced by Ube Industries. Ltd.), and Irganox 1010 (produced by Ciba Geigy Corporation) were mixed at the ratio 
shown in Table 4 and melt-kneaded with Laboplastomill (produced by Toyo Seiki Company, Japan) set to 230*C..Fur- 
themnore, a titanium (IV) tetrabutoxide monomer (produced by Wako Pure Chemical Industries, Ltd.) was added to the 
resultant mixture under melt kneading at230*'C and a screw rotational speed of 100 rpm to promote reaction (dynamic 

25 crosslinking). Then, PEP-36 (produced by Asahi Denka Kogyo K.K.) was added to the mixture, and the temperature 
of the plastomill was changed to 190*C when the torque of the plastomill became constant to create a stable state. 
Then, a plasticizer. N-400 (produced by New Japan Chemical Co., Ltd.) was added under melt kneading to produce 
a sample. The resulting sample was heat-pressed at a temperature of 230''C to form a cylindrical molded product of 
30 mm in diameter and 12 mm in thickness. The molded product was subjected to measurement of hardness and 

30 compression set. Similariy, the sample was heat-pressed at a temperature of 230°C to form a molded sheet product 
of 2 mm in thtekness. The molded product was subjected to measurement of oil resistance and Insoluble content. 



Example 22 



35 [0300] The block copolymer A-9 produced in Production Example 7, 30 parts of polyamide PA (UBESTA 301 2U(R) 
produced by Ube Industries, Ltd.), and Irganox 1010 (produced by Ciba Geigy Corporation) were mixed at the ratio 
shown in Table 4 and melt-kneaded with Laboplastomill (produced by Toyo Seiki Company, Japan) set to 230**C. Fur- 
themnore, a titanium (IV) tetrabutoxide monomer (produced by Wako Pure Chemical Industries, Ltd.) was added to the 
resultant mixture under melt kneading at 230''C and a screw rotational speed of 100 rpm to promote reaction (dynamic 

40 crosslinking). Then, the block copolymer (j) produced In Example 5 was added to the reaction mixture when the torque 
* of the plastomill became constant to create a stable state. Furthemiore, PEP-36 (produced by Asahi Denka Kogyo K. 
K.) was added to the mixture when the torque of the plastomill became constant. Then, the temperature of the plastomill 
was changed to 190°C, and a plasticizer, N-400 (produced by New Japan Chemical Co., Ltd.) was added under melt 
kneading to produce a sample. The resulting sample was heat-pressed at a temperature of ^SCC to form a cylindrical 

45 molded product of 30 mm in diameter and 12 mm in thickness. The molded product was subjected to measurement 
of hardness and compression set. Similarly, the sample was heat-pressed at a temperature of 230*C to forni a molded 
sheet product of 2 mm in thickness. The molded product was subjected to measurement of oil resistance and insoluble 
content. 

50 Example 23 

[0301] A sample was produced by the same method as in Example 22 except that the plastteizer, N-400 (produced 
by New Japan Chemteal Co., Ltd.), was changed to a mixture of plasticizers N-400 and RS735 (produced by Asahi 
Denka Kogyo K.K.). 

55 

Comparative Example 6 

[0302] One hundred parts of Santoprene 211-45 (produced by ADVANCED ELASTOMER SYSTEMS, L.R), which 
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was a polyolefin thermoplastic elastomer comprising a dynamically crosslinked composition of monoolefin copolymer 

^nl^ T^^K . ^""^ ^^9^"^^ ""^^O ^^^^ Then, the resultant mixture was melt- 

kneaded with l^aboplastomill (produced by Toyo Seiki Company, Japan) set to 190«C to produce a block sample The 
resu tmg sample was heat.^^^^^ 

and 12 mm '^ thickness for evaluating compression set The molded product was subjected to measurement of tensile 
rn^no, hardness, heat resistance, oil resistance, and compression set. The results are shown In Table 4 

1113U3J The compression set of Santoprene is a catalog value (after 22 hours al 1 0CrC). 

Comparative Example 7 

[0304] A cylindrical molded product of 30 mm in diameter and 1 2 mm In thickness was produced by the same method 
TOMPP QVQ^^^^^^ ^"""^^ P^'*^ ^^'9^' GEOUVST701-70 (produced by ADVANCED EUVS- 

n^cit f 7f ""^^ ^ polyolefin themioplastic elastomer comprising a dynamically crosslinked com- 

Ifr^Z I T ^"^ "^^'^^^ P"^^"^^ ^"^i^^^d measurement of tensile break 

strength, hardness, heat resistance, oil resistance, and compression set. The results are shown in Table 4 
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[0305] In Table 4, the insoluble content (wt%) of each example was determined by a method comprising immersing 
1 g (Wu) of the sample covered with a 1 00-mesh wire gauze in toluene at 80^C for 24 hours, fractionating a toluene- 
soluble content, drying the solid residue at 60°C under vacuum, and measuring the weight g.(Wc) of the solid residue 
after drying to detemiine the solid content from the ratio of the weight of the solid residue (Wc) to 1 g (Wu) of the 
5 sample. The progress of crosslinklng reaction of (meth)acryllc polymer (A) can be confirmed by the insoluble content 
(wl%). 

[0306] The insoluble content of the resin A-1 was 0%. This result and the insoluble contents of Examples 1 8 lo 23 
indicate that the crosslinking reaction of the block copolymer proceeds. 

[0307] Examples 18 to 23 and Comparative Examples 6 and 7 show that the dynamic crosslinking can produce a 
10 thermoplastic elastomer having excellent mechanical properties and compression set and exhibiting superior oil re- 
sistance than that of a polyolefin thermoplastic elastomer. 

[0308] Examples 22 and 23 show that the addition of a small amount of a carboxyl-containing block polymer func- 
tioning as a compatibility improver improves the compression set while maintaining the mechanteal properties and oil 
resistance. 

15 

Industrial Applicability 

[0309] The first block copolymer (A) of the present invention can be desirably used as a material which has excellent 
thermal decomposition resistance while maintaining the inherent properties of an acrylic block copolymer. 
20 [0310] The second block copolymer (A) of the present invention can signffcantly improve compression set at high 
temperatures while maintaining the inherent properties of an acrylic block copolymer. 

[0311] Therefore, the block copolymer (A) can be desirably used for hoses, sheets, films, contour-extrusion molded 
products, various injection-molded products useful in the fields of packaging materials, construction and civil engineer- 
ing materials, materials for automobile, materials for household electric appliances; and materials for other mlscella- 
25 neous goods. 

[0312] A thermoplastic elastomer composition (soft material for automobile) composed of the block copolymer (A) 
of the present invention exhibits low hardness, high adhesion, high oil resistance, high tensile properties and high wax 
remover resistance, and thus is suitable for use as a soft material for automobile, particularty an exterior member for 
automobile. 

30 [031 3] The block copolymer (A) of the present invention is a material having high heat resistance, high oil resistance, 
high flexibility, and excellent processability, and can provide automobile hollow molded products. Namely, the soft 
material for automobile of the present invention can provide hollow molded products for automobile having high heat 
resistance, high oil resistance, excellent flexibility, and excellent fomiability. 



Claims 

1. A block copolymer (A) comprising a (meth)acrylic polymer block (a) and an aciylic polymer block (b), and having 
a 5%-weight-loss temperature of 300**C or more measured by thermogravimetric analysis at a heating rate of 1 0.0 
**C/min under a nitrogen stream at a flow rate of 50.0 ml/min. 

2. A block copolymer (A) comprising a (meth)acrylic polymer block (a) and an acrylic polymer block (b), and having 
a tensile strength of 3 MPa or more measured according to JIS K6301 , a hardness of 50 or less measured by a 
type A durometer according to JIS K6253, and a compression set of 45% or less after 22 hours at TO'C. 

The block copolymer (A) according to claim 1 or 2, wherein the block copolymer (A) is a tri-block or di-block co- 
polymer. " - ' [ ' " 

The block copolymer (A) according to claim 3, wherein the block copolymer (A) is a (a)-(b)-(a) tri-block copolymer 

The block copolymer (A) according to claim 1 or 2, wherein the number-average molecular weight is 30 000 to 
500.000. 

The block copolymer (A) according to claim 1 or 2, wherein the ratio (Mw/Mn) of the weight-average molecular 
weight (Mw) to the number-average molecular weight (Mn) measured by gel permeation chromatography is 1.8 

or less. 

The block copolymer (A) according to claim 1 or 2, comprising 5 to 90% by weight of the (meth)acrylte polymer 
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block (a) and 95 to 1 0% by weight of the acrylic polymer block (b). 

8. The block copolymer (A) according to daim 1 or 2, comprising 10 to 40% by weight of the (math) acrylic polymer 
block (a) and 90 to 60% by weight of the acrylic polymer block (b). 

9. The block copolymer (A) according lo claim 1 or 2. wherein the block copolymer (A) is produced by controlled 
radical polymerization. 

10. The block copolymer (A) according to daim 1 or 2, wherein the (meth)acrylic polymer block (a) has a carboxyl 
group as a functional group (c). 

11. The block copolymer (A) according to claim 1 or 2, wherein the content of a carboxyl-containing monomer consti- 
tuting the (meth) acrylic polymer block (a) is 5% by weight or more. 

12. A soft material for automobile comprising a block copolymer (A) comprising a (meth)acrylic polymer block (a) and 
an acrylic polymer block (b). 

13. The soft material for automobile according to claim 12, comprising the block copolymer (A) comprising 10 to 40% 
by weight of the (meth)acrylic polymer block (a) and 90 to 60% by weight of the acrylic polymer block (b). 

14. The soft material for automobile according to claim 1 2 or 1 3, wherein the (meth)acrylic polymer block (a) comprises 
methyl methacrylate and/or methacylic acid, and the acrylic polymer block (b) comprises n-butyl acrylate or a 
mixture of n-butyl acrylate, ethyl acrylate, and 2-methoxyethyl acrylate. 

15. The soft material for automobile according to claim 14, wherein the (meth)acrylic polymer block (a) comprises 
methyl methacrylate, and the acrylic polymer block (b) comprises n-butyl acrylate or a mixture of n-butyl acrylate, 
ethyl acrylate, and 2-methoxyethyl acrylate. 

16. The soft material for automobile according to claffn 1 4. wherein the (meth) acrylic polymer block (a) comprises 50 
to 100% by weight of methyl methacrylate and/or methacrylic acid and 0 to 50% by weight of a vinyl monomer 
copolymerizable therewith, and the acrylic polymer block (b) comprises 50 to 100% by weight of n-butyl acrylate 
or a mixture of n-butyl acrylate, ethyl acrylate, and 2-methoxyethyl acrylate and 0 to 50% by weight of a vinyl 
monomer copolymerizable therewith. 

17. The soft material for automobile according to claim 12 or 1 3, wherein the block copolymer (A) is produced by atom 
transfer radical polymerization. 

18. The soft material for automobile according to claim 1 2 or 13, wherein the block copolymer (A) is a tri-block copol- 
ymer 

19. The soft material for automobile according to claim 12 or 13, wherein the block copolymer (A) has at least one 
hydroxyl group. 

20. The soft material for automobile according to claim 12 or 13, wherein the block copolymer (A) has at least one 
carboxyl group. 

21 . The soft material for automobile according to claim 1 2 or 1 3, comprising the block copolymer (A) and a thermoplastk; 
resin. 

22. The soft material for automobile according to claim 21. wherein the block copolymer (A) containing the thermo- 
plastic resin is dynamically treated. 

23. An automobile interior member comprising the soft material for automobile accofxiing to claim 12 or 13. 

24. An automobile exterior member comprisirig the soft material for automobile according to claim 1 2 or 1 3. 

25. Ah inner layer material comprising the soft material for automobile according to claim 12 or 13. 
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26. A molding material for automobile comprising the soft material for automobile according to claim 12 or 13. 

27. An automobile hollow-molded product comprising the soft material for automobile according to claim 1 2 or 1 3. 

28. An automobile hollow-molded boot or hose comprising the soft material for automobile according to claim 12 or 1 3 . 
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